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WARNING 
EXHAUST GASES CAN KILL 


Brain damage or death can result from heavy exposure. Precautions must be followed to ensure crew safety 
when the personnel heater, main, or auxiliary engine of any vehicle is operated for any purpose. 


1. Donot operate your vehicle engine in enclosed areas. 

2. Donot idle vehicle engine with vehicle windows closed. 
3.  Bealert at all times for exhaust odors. 

4, Bealert for exhaust poisoning symptoms: 


e Headache 
¢ Dizziness 
¢ Sleepiness 
e Loss of muscular control 
5. Ifyou see another person with exhaust poisoning symptoms: 


e Remove person from area 
e Expose to open air 
e Keep person warm 
e Do not permit physical exercise 
e Administer artificial respiration, if necessary* 
¢ Notify a medic 
*For artificial respiration, refer to FM 21-11. 


6. BE AWARE, the field protective mask for Nuclear, Biological, or Chemical (NBC) protection will not 
protect you from carbon monoxide poisoning. 


THE BEST DEFENSE AGAINST EXHAUST POISONING IS ADEQUATE VENTILATION. 
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WARNING SUMMARY 


¢ Drycleaning solvent is flammable and will not be used near an open flame. A fire extinguisher will be 
kept nearby when the solvent is used. Use only in well-ventilated places. Failure to do this may result in 
injury to personnel and/or damage to equipment. 


e Compressed air used for cleaning purposes will not exceed 30 psi (207 kPa). Use only with effective chip 
guarding and personal protective equipment (goggles/shield, gloves, etc.). 


¢ Diesel fuel is highly flammable. Do not perform any procedure near fire, flames, or sparks. Severe injury 
or death will result. 


¢ Do not touch hot exhaust system components with bare hands. Severe injury will result. 


¢ Do not remove surge tank filler cap before releasing internal pressure when engine temperature is above 
190°F (88°C). Steam or hot coolant under pressure will cause injury. 


¢ Do not drain oil when engine is hot. Severe injury to personnel will result. 


e Always wear eye protection when bleeding brakes. Failure to do this may cause injury if brake fluid 
comes in contact with eyes. 


¢ Do not perform battery system checks or inspections while smoking or near fire, flames, or sparks. 
Batteries may explode, causing damage to vehicle, injury, or death to personnel. 


¢ Remove all jewelry such as rings, dog tags, bracelets, etc. If jewelry or disconnected battery ground cable 
contacts battery terminal, a direct short will result, causing injury to personnel or damage to equipment. 


e Use caution when testing thermostat. Hot water will cause burns. 


¢ Negative battery cable must be disconnected before disconnecting any harness from protective control box 
or serious injury to personne! or damage to equipment will result. 


¢ Keep hands and arms away from fan blade and drivebelts while engine is running or serious injury may 
result. 


¢ Battery acid (electrolyte) is extremely harmful. Always wear safety goggles and rubber gloves, and do not 
smoke when performing maintenance on batteries. Injury will result if acid contacts eyes or skin. 


e When removing battery cable clamps, disconnect ground cable first. Ensure all switches are in OFF 
position before disconnecting ground cable. Do not allow tools to come in contact with vehicle when 
disconnecting cable clamps. A direct short can result, causing instant heating of tools, tool damage, 
battery damage, or battery explosion. 


e Allow transmission/transfer case to cool before performing maintenance. Failure to do this may cause 
injury. 

e Always apply parking brake and chock opposite wheel before removing wheel. Avoid removing wheel 
when vehicle is on sloping terrain. Injury to personnel or damage to equipment may result. 

¢ Gloves must be worn whenever handling winch cable. Severe injury may result. 


¢ Hydraulic jacks are used for raising and lowering, and are not used to support vehicle. Never work under 
vehicle unless wheels are blocked and it is properly supported. Injury or damage to equipment may result 
if vehicle suddenly shifts or moves. 


¢ Remove only the inner group of nuts when removing a wheel from the vehicle. Removing the outer nuts 
which hold the rim together while the assembly is inflated could result in serious injury or death. 


¢ In all disassembly of the wheel assembly operations, ensure the tire is totally deflated before removing 
wheel nuts. Failure to follow proper safety precautions could cause serious injury or death. 


e Never inflate a wheel assembly with the wheel locknuts removed in an attempt to separate inner and 
outer rim halves. The assembly will separate under pressure, resulting in serious injury or death. 
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WARNING SUMMARY (Cont'd) 


Never use wheel assemblies with studs which are damaged, loose, or have damaged threads. Damaged 
studs can cause improper assembly, which could cause individual fasteners to fail. Any of these situa- 
tions could cause serious injury or death. 


Never use tubes in wheel assemblies. Use of a tube defeats built-in safety features, and could allow the 
wheel to come apart under pressure, resulting in serious injury or death. 


Use only replacement parts specified in TM 9-2320-387-24P. Wheels assembled with components which 
do not meet specifications could cause the assembly to separate under pressure, resulting in serious 
injury or death. 


Never inflate a wheel assembly without having checked wheel locknut torques that ensure that wheel 
locknuts are tightened to specifications. An assembly with improperly tightened locknuts could separate 
under pressure, resulting in serious injury or death. 


Always use a tire inflation cage for inflation purposes. Stand on one side of cage during inflation; never 
directly in front. Keep hands out of the cage during inflation. Inflate assembly to recommended pressure 
using a clip-on air chuck. Do not exceed 30 psi (207 kPa) cold bias tire inflation pressure or 50 psi 

(344 kPa) cold radial tire inflation pressure. Failure to follow these instructions may result in serious 
injury or death. 


NBC contaminated filters must be handled and disposed of only by authorized and trained personnel. 
The unit commander or senior officer in charge of maintenance personnel must ensure that prescribed 
protective clothing (FM 3-4) is used, and prescribed safety measures and decontamination procedures 
(FM 3-5) are followed. The local unit SOP is responsible for final disposal of contaminated air filters. 
Failure to do this may cause severe injury to personnel. 


Seatbelts are to be replaced as a Set. Failure to do this may cause injury to personnel or damage to 
equipment. 


The Department of Transportation requires 105 mm cannon ammunition to be in wooden boxes when trans- 
porting ammunition on public highways, by fixed wing aircraft, rail, or ship. Movement of cannon ammuni- 
tion in fiber containers (inner pack) in the HMMWV ammunition rack is restricted to other than public 
highways. 

Air-conditioning system must be discharged prior to replacing components. Failure to do this may result in 
injury to personnel or damage to equipment. 
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HOW TO USE THIS MANUAL 


ABOUT YOUR MANUAL 


a. Spend some time looking through this manual. You'll find that it has a new look, different than most of 


the TMs you’ve been using. New features added to improve the convenience of this manual and increase 
your efficiency are: 


L Accessing Information — These include physical entry features such as the bleed-to-edge indicators 
on the cover and edge of the manual. Extensive troubleshooting guides for specific systems lead 
directly to step-by-step directions for problem solving and maintenance tasks. 


2. Illustrations — A variety of methods are used to make locating and fixing components much easier. 
Locator illustrations with keyed text, exploded views, and cut-away diagrams make the information in 
this manual easier to understand. 


3. Keying Text With Illustrations — Instructions are located together with figures that illustrate the 
specific task you are working on. In most cases, the task steps and figures are located side-by-side, 
making part identification and procedure sequence easier to follow. 


The TM is the fundamental means by which the Army communicates to soldiers the requirements and 
procedures necessary to perform equipment operations and maintenance. This manual describes in detail 
the Unit, Direct and General Support Maintenance authorized by the Maintenance Allocation Chart 


(MAC) (appendix B) and Source, Maintenance, and Recovery (SMR) codes (TM 9-2320-387-24P). 


b. General Features. Your TM is the best source available for providing information and data critical to 
vehicle operation and maintenance: 


Volume 1 
¢ Safety summary b, and c) 
¢ General information, equipment descriptions, and data 
¢ Principles of operation |(chapter ], section III) 
* Preventive Maintenance Checks and Services - PMCS|(chapter 2,] section III) 
¢ General maintenance instructions|(chapter 2, |section IV) 
¢ Electrical/mechanical systems troubleshooting|(chapter 2] section V) 


¢ Detailed maintenance procedures|(chapters 3|through 9) 
Volume 2 


e Safety summary (warning pages a through d) 

¢ Troubleshooting (chapter 14, section I) 

e Detailed maintenance procedures (chapters 10 through 33) 

e Maintenance Allocation Chart — MAC (appendix B) 

e Expendable/durable supplies and materials list (appendix C) 
¢ [llustrated list of manufactured items (appendix D) 

¢ Torque limits (appendix E) 

¢ Body repair materials (appendix F) 

¢ Mandatory replacement parts (appendix G) 

¢ Wiring diagrams and schematics (appendix H) 


A typical example of how to use this manual is provided on the following pages. 
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USING YOUR MANUAL: AN EXAMPLE 


a. TASK: The operator of an ECV vehicle 

i i i ARMY TM 9-2320-387-24-1 

has complained that his carrier uses too le aii Pr Nao adrec bogs 
much engine oil. The vehicle has been 


TECHNICAL MANUAL 
assigned to you for repair. UNIT, DIRECT SUPPORT, AND 


GENERAL SUPPORT MAINTENANCE 
FOR 


TRUCK, UTILITY: $250 SHELTER 
CARRIER, 4X4, M1113 
(2320-01-412-0143) {EIC: B6B) 


b. TROUBLESHOOTING STEPS: 


L Look at the cover of this manual. You'll 
see chapter titles listed from top to 


bottom on the right-hand side. TRUCK, UTILITY: UP-ARMORED 


CARRIER, 4X4, M1114 
{2320-01-4 13-3739) (EIC: B6C) 


2. Look at the right edge of the manual. On 
some of the pages you'll see black bars 
(bleed-to-edge indicators) that are 
aligned with the chapter bars on the aaa te Li ha ARMY 
cover. These are the locations of the 
chapters in the text. 


3. Look for SERVICE AND TROUBLESHOOTING INSTRUCTIONS in the chapter list on the cover. 
This is where the troubleshooting information is located. 


4. Turn to those pages with the edge indicator matching the black bar for service and troubleshooting 
instructions. Page numbers are also listed next ta chapter titles. 


5.|Chapter 2 is divided into five sections: 
¢ Section I — Repair Parts, Special Tools, TMDE, and Support Equipment 
e Section II — Service Upon Receipt 
e Section III- PMCS 
e Section IV — General Maintenance Instructions 


e Section V — Electrical/Mechanical Systems Troubleshooting 
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2-16. REPAIR (Cont'd) 


e. Bearings. See TM 9-214. 
4. Seude. Replace all bent and stretched studs. Repair minor thread damage with a thread restorer file. 
Replace studs having stripped or damaged threads as outlined below 
(1) Remove. using a stud remover. Back studs out slowly to avoid heat buildup and seizure which ean 
cause stud to break off. 
(2) If studs break off wo short to use 9 stud remover, use extractor to remove 
(3) Reptacement studs have a special coating and must have a sma‘! amount of anuseize compound 
(append:x C, tem 13), applied on threads before stud is installed inswa.] rep'acement stud slowly to prevent 
heat buildup oad snapping of. 
e. Gears. 
(1) Remove gears using pullers, as required. 
(2) Use the same metnods desembed in para. 2-16.5 (2) for castings to remove minor nicks, burrs, or 
scratches on gesr teeth. 
(3) If keyways are worn or enlarged, repisce gear. 


f. Busbings aad Busbing-Type Bearings. When bushings ang tus*irg-type beasings seize to a shaft 
and spin 10 the bore, the associated part must also be inspected and replaced. as required. 


g- Oil Seale 
(1) Remove oil seals, being careful not to damage casting or agapter bore. 
(2) Always mstal] new sea! in bore using proper sea! “yp 


2-17. ASSEMBLY . SY? 
a Cleanliness is essential in a!! component assem! ois. Dir and dust. even in minute 
quantities, sre ebrasive. Parts must be cleaned as sp id kept clean. Wrap or cover peru and 


components when assembly procedures are not ima a Acom pleted. 
Bb. Coat all besrings and contact surfaces with 3:] (differential oil for ds Terenzial parts. 
transmission oil for transmission parts, etc.) to e sicaz0n of parts dunng inizal operation after 


Pepeir. 


Section Y. necrncay Rca SYSTEMS TROUBLESHOOTING 


a. This section provides informatior. to Ciagmose end coreect malfunczions of the electmes/mechanical 
systen. 
b. Principles of operation showing system operstion can be found in chapter 1. It should be used as 5 
reference when performing electrical/mechaniea! troubleshooting. 
ce Each malfunction symptom piven for an individual! component or system is followed by stepls) you 
should take to determine the cause and corrective action you must take to remedy the problem. 
@ Before taking any action to correct « possible malfunczon, the following rules should be followed: 
(1) Question operator to obtain any information that might help you determine the cause of the 
problem. 
(2) Never overlook the chance that the prodlem could be of simpie ongin. The problem could be 
corrected with minor adjustment. 
(3) Use all senses to observe and locate troubles. 
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2-19. ELECTRICAL/MECHANICAL SYSTEMS TROUBLESHOOTING 


ELECTRICAL/MECHANICAL TROUBLESHOOTING 


How to use this troubleshooting guide 

Glossary of abbreviations and commonly used urms .......-..--..--..... : 
Electrical oreust deseription 

Startability tests 2 cece F 
Engine running tests 2 eee : 


Engine cooling tests... ... 06-02-0067 --- 
Engine lubrication tasts 
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6. Turn to section V, ELECTRICAL/ 


MECHANICAL SYSTEMS TROUBLE- 
SHOOTING (page 2-33). 

This troubleshooting section is system- 
oriented and is broken down into five top level 
tests and nineteen system level tests. 


7. One of the first pages of this section is the 
ELECTRICAL/MECHANICAL SYSTEM 
TROUBLESHOOTING (turn to page 2-35). 


8. Look down the list of symptoms until you find 


ENGINE LUBRICATION TESTS. In that 
paragraph you will find the diagnostic flow 
chart from which the vehicle operator can 
choose the test such as OIL LEAKS OR 
ENGINE PROBLEMS. 


9. Turn to the test indicated. 
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10. On page 2-192, steps relating to 
resolving the problem of excessive oil 
loss are listed. Read the diagnostic flow Rate ienicn ioe SECET ENCORE 
chart until you find OIL LEAKS OR 
ENGINE PROBLEMS. The tests listed 
are shown in the example page to the 
right of this text. 
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1L In accordance with Test 1, you checked 
the oil level and filter for leaks. The oil 
level and filter appears normal and you 
move on to Test 2. 


1. STEACE-B TEST 5 Page 2-495) 
WhTERLEAVED WT mod 


2. LOOK AT THE GAUGE AnD USE 
STEACE A TEST 10 (Pege 2-460; 


12. In Test 2, you begin a methodic check of the engine lubricating system. You discover a leak in the oil 
cooler assembly adjacent to one of the mounting brackets. One of the welds has cracked, allowing a 
class III leak from a small area of the cooling fins. The oil cooler assembly must be repaired or replaced. 


13. At this point, the engine lubrication diagnostic flow chart would direct you to a specific detailed 
procedure to solve the problem. However, the engine lubricating system is complex and you must now 
refer to the table of contents to locate the proper task paragraph. 


NOTE: Before attempting to repair or replace the oil cooler assembly, as a Unit mechanic, you must: 


a. Determine the maintenance responsibility of repair or replacement of the component. 

b. If the task is at your echelon of maintenance responsibility, you must identify the tools needed and 
the replacement parts required. 

Refer to the Maintenance Allocation Chart - MAC (appendix B) to determine not only the maintenance 

responsibility of the item, but also to obtain an estimate of the time required to perform the task, tools 

needed, and any special notes/requirements necessary. 


Refer to'TM 9-2320-387-24P, Unit, Direct Support and General Support Maintenance Repair Parts and 
Special Tools List for requisition data concerning replacement parts for this task. 
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c. OIL COOLER ASSEMBLY 
REPLACEMENT: After reporting the 
results of your troubleshooting efforts to 
your supervisor, he decides that the most 
expedient means of returning the vehicle to 
service would be to replace the oil cooler 
assembly. 


L Turn to the TABLE OF CONTENTS and find 
the chapter dealing with the engine. You find 
it ad CHAPTER 3, ENGINE SYSTEMS 
(UNIT) MAINTENANCE. Furthermore, you 
note that the chapter is divided into five 


sections. You are interested in Section I. 
Lubrication System Maintenance. 


2. Turn to[chapter 3] section I on page 3-1. Here 
you find the Lubrication System Maintenance te nanaDoer-as-1 
Task Summary. Read down the list of tasks 
until you find the one that will correct your 
maintenance problem. For our example, you 
find it as task 3-8, Engine, Transmission, and 
Power Steering Oil Cooler Assembly 
Maintenance. Turn to page 3-12. 


| 
- 


Tagias Oil Filler Tube Maistenseas 

Ragwne OF) Piter Adapter Maintenance 
Eagee Ol Servies 

Oil Pan Replacement 

Engine OU Cooter Suppty sad Reture Lines Maintenanee 


Eagine, Tranamnineiea, and Power Sussring Ou Conler Assembly Maintenance 


SELES EE 


¥ 
s 


x! 
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3-8. ENGINE, TRANSMISSION, AND POWER STEERING Oil COOLER ASSEMBLY 3-8. ENGINE, TRANSMISSION, AND POWER STEERING OfL COOLER ASSEMBLY 
MAINTENANCE MAINTENANCE (Cont'd) 
«. 


eutemotive (Appendiz B, ture 2) 


Moreriaia/Ports 

Four lecxaets (Appendit G, Item 155) 
Mesue! Eelercorm 

TM $2320-387-10 

‘Th 9 2320-387-24P 


iF 


"Do act drain of when eugune is het. Severe mjury ts perecane! 
may result. 


caurion 
* Cover ar plug aD hoses and cmnectwees immedistely afer 
ceoconnecios & prevent contamination Remove al! plugs priar 
te emsechen. 
+ Do ox bend traasenianen ai) eveler fine Damaged fine reduar 
q@oling efficxency. which may damage engine aadier 
traceueen 
MOTE 
© Have drainage ssatainar ready to cntch oil. 
© Tag al) hoses for metaLepon 
. Dracwamect twe engine ei] ensler supply aad reture bees (15) free engine ail apeler ports (11). 
. Loosen twe hove clamps (2) and discennect truasmiasion Guid eveier ine ceanector haans (1) from 
transmusssen fluid conier ports (3). 
. Lacees tw hens clamps (23) aad diemanect power stanring fhuid line beses (12) from power steenng 
Gusd cooler ports (14). 
. Reweve four sechet-head axrew and washer sesemblies (7), and oi! evel (16) trem radiator (17). 
MOTE 


Perform eteps 5 through 7 if vehicle is equipped with rediater 
cleamang Gm penents 
. Rewove twe anpecrews (4), washers (5), and seppart bracket (6) trea oi] emoler (16). 


. Remove capacrew (8) waaber (9), aad cp (10) fram ou copher (16). 
. Remove four cepactwws (20), washers (19), aad two hunges (16) frees ai} ensler (16). 


3. On page 3-12, you find paragraph 3-8 with the detailed procedure for replacing the oil cooler assembly. 


d. DETAILED MAINTENANCE PROCEDURES: Detailed maintenance procedures include everything 
you must do to accomplish a basic maintenance task. Unless otherwise stated, general mechanic's 
automotive tool kit will be used for maintenance of this vehicle. 


L Before beginning the maintenance task, look through the procedure. You must familiarize yourself 
with the entire maintenance procedure of para. 3-8: Engine, Transmission, and Power Steering Oil 
Cooler Assembly Maintenance. The task includes a. Removal, b. Installation, and c. Cleaning and 
Inspection. 


2. The ten basic headings listed under INITIAL SETUP outline task conditions, materials, special 
tools, manpower requirements, and special conditions. The headings are: 


¢ Applicable Models: Any models that require a particular maintenance task. If a maintenance task 
covers all models, then this heading will not be used. 


e Test Equipment: Test equipment needed to complete a task. If test equipment is not required, this 
heading will not be used. 


¢ Tools: These are common tools and general mechanic tool sets required to perform 
maintenance tasks. These common tools should be on hand to properly perform the task. Torque 
wrenches are required for many tasks; the proper torque wrench should be available to tighten 
mounting hardware. 


¢ Special Tools: Those special tools needed to complete a maintenance task. If no special tools are 
needed, this heading will not be used. 


If you don’t have one of these special tools, requisition it (before starting the task) using the data 
Supplied ir) TM 9-2320-387-24P the repair parts and special tools list for this level of maintenance. 
Special tools are located in section III. 


¢ Materials/Parts: This heading lists only mandatory replacement materials or parts (gaskets, 
O-rings, sealant, etc.). To replace other unservicable parts, refer to TM 9-2320-387-24P for requisition 
data. If no mandatory replacement materials/parts are required, this heading will not be used. 
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¢ Personnel Required: The number of personnel needed to perform a task. If only one mechanic is 
needed, this heading will not be used. | 
NOTE 
If you think that you need more help to adequately or safely 
complete a task, perhaps as the result of unusual conditions, etc., 
alert your supervisor and ask for help. 


Manual References: Those TMs needed to complete the task. 
¢ Equipment Condition: Notes the conditions that must exist before starting the task. If none are 
required, this heading will not be used. For oil cooler assembly replacement, the left-hand engine 


splash shield should be removed before we can start the task. If not already done, follow the 
procedure for splash shield removal in para. 10-23 before proceeding with this task. 


General Safety Instructions: Summarizes all safety warnings for the maintenance task. If none 
are required, this heading will not be used. 


¢ Maintenance Level: Identifies maintenance level required to perform task. 


3. A step-by-step maintenance procedure follows the INITIAL SETUP and gives detailed instructions 
for the procedure. These instructions give the part’s general location and name and action 
performed. In the example Engine, Transmission, and Power Steering Oil Cooler Assembly 
Replacement, a. Removal, step 1 is “Disconnect two engine oil cooler supply and return lines (7) 
from engine oil cooler ports (9).” Note that the numbers in parentheses correspond to the part’s 
callout number in the accompanying illustration. 

NOTE 
Warnings, cautions, and notes provide supplemental information: 

e Warnings: Indicate conditions, practices, or procedures which must be observed to avoid personnel 

injury, loss of life, or long-term health hazard. 


¢ Cautions: Indicate condition, practices, or procedures which must be observed to avoid damage to 
equipment or destruction of equipment. 


¢ Notes: Include essential information of special importance, interest, or aid in job performance, 
which should be remembered and would be otherwise difficult to find or incorporate into the text. 


4, At the end of a procedure, FOLLOW-ON TASKS will list those additional tasks that must be 
performed to complete the procedure. The follow-on tasks for engine, transmission, and power 
steering oil cooler assembly replacement are: 


e Fill power steering fluid to proper level|(TM 9-2320-387-10). 
e Fill transmission oil to proper level (TM 9-2320-387-10). 
e Fill engine oil to proper level|(TM 9-2320-387-10). 
Install headlight housing (para. 10-18). 
e Install left-hand splash shield (para. 10-23). 
e Start engine (TM 9-2320-387-10) and check for leaks. 
e. Refer to the example pages for para. 3-8, Engine, Transmission, and Power Steering Oil Cooler 
Assembly Maintenance as we review the following points: 


1. Modular Text: Both pages of text and illustrations are to be used together. This manual was 
designed so the two pages would be visible at once, making part identification and procedure 
sequence easy to follow. 


2. Initial Setup: Outlines task conditions. 


3. Illustrations: An exploded diagram of the component shows part locations, attachments, and 
spatial relationships. Cutaway views (part of the vehicle is erased) show the location and 
orientation of screws and attachments. 


f. Your manual is easy to use once you understand its design. We hope it will encourage you to use your 
TM more often as an aid to maintenance support. 
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CHAPTER 1 
INTRODUCTION 


Section |. GENERAL INFORMATION 


1-1. SCOPE 


a. This technical manual contains instructions for unit, direct, and general support maintenance of 
the 4x4, M1113 and M1114 vehicles. 
b. Models included are: 
(1) M1113, S250 Shelter Carrier 
(2) M1114, Up-Armored 


1-2. MAINTENANCE FORMS, RECORDS, AND REPORTS 


Department of the Army forms and procedures used for equipment maintenance will be those prescribed 
by DA Pam 738-750, The Army Maintenance Management System (TAMMS). 


1-3. DESTRUCTION OF ARMY EQUIPMENT TO PREVENT ENEMY USE 


Refer toTM 750-244-6, Procedures for Destruction of Army Tank-automotive Equipment to Prevent 
Enemy Use. 


1-4. PREPARATION FOR STORAGE AND SHIPMENT 


Refer toTM 740-90-1, Administrative Storage of Equipment and TM 746-10, Marking, Packaging, and 
Shipment of Supplies and Equipment: General Packaging Instructions for Field Use. 


1-5. REPORTING EQUIPMENT IMPROVEMENT RECOMMENDATIONS (EIR) 


I, 


us what you don't like about your equipment. Let us know why you don’t like the design or performance. The 
preferred method for submitting QDRs is through the Army Electronic Product Support (AEPS) website 
under the Electronic Deficiency Reporting System (EDRS). The web address is: https://aeps.ria.army.mil. 
This is a secured site requiring a password which can be applied for on the front page of the website. If the 
above method is not available to you, put it on an SF 368, Product Quality Deficiency Report (PQDR), and 
mail it to us at: U.S. Army Tank-automotive and Armaments Command, ATTN: AMSTA-TR-E/PQDR MS 
267, 6501 E. 11 Mile Road, Warren, MI 48397-5000. We'll send you a reply. 


1-6. EQUIPMENT IMPROVEMENT REPORT AND MAINTENANCE DIGEST (EIR MD) 


The quarterly Equipment | mprovement Report and Maintenance Digest, TB 43-0001-62 series, 

contains valuable field information on the equipment covered in this manual. The information in the 

TB 43-0001-62 series is compiled from some of the Equipment Improvement Reports that you prepared 
on the vehicles covered in this manual. Many of these articles resulted from comments, suggestions, 

and improvement recommendations that you submitted to the EIR program. The TB 43-0001-62 series 
contains information on equipment improvements, minor alterations, proposed Modification Work Orders 
MWOs), warranties (if applicable), actions taken on some of your DA Form 2028s (Recommended 
Changes to Publications), and advance information on proposed changes that may affect this manual. 
The information will help you in doing your job better and will help in keeping you advised of the latest 
changes to this manual. Also refer to DA Pam 25-30, Consolidated | ndex of Army Publications and Blank 
Forms and appendix A, References, of this manual. 


~-_— 
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1-7. METRIC SYSTEM 


The equipment described herein contains metric components and requires metric common and special 
tools; therefore, metric units in addition to standard units will be used throughout this publication. 
In addition, a metric conversion table is located on the inside back cover of this publication. 


1-8. MANDATORY REPLACEMENT PARTS 


The maintenance instructions contained herein make reference to removing and discarding piece 
parts such as: gaskets, lockwashers, cotter pins, O-rings, seals, etc.; these items should be considered 
mandatory replacement items and replaced with new parts during assembly/installation. 


1-9. BREAK-IN PROCEDURE 


Upon receipt of vehicles, or after engine replacement, break-in procedures must be observed during the 
first 500 miles (804 kilometers) of operation. For break-in procedure, refer to TM 9-2320-387-10 


Section Il. EQUIPMENT DESCRIPTION AND DATA 


1-10. EQUIPMENT CHARACTERISTICS, CAPABILITIES, AND FEATURES 


The 4x4, M1113 and M1114 vehicles are tactical vehicles designed for use over all types of roads, as well 
as cross-country terrain, in all weather conditions. The vehicles have four driving wheels powered by a 
V-8, liquid-cooled, turbocharged diesel engine. Four-wheel hydraulic service brakes and a mechanical 
parking brake are common to all models. M1113 and M1114 vehicles are equipped with a pintle hook for 
towing. Tiedown and lifting eyes are provided for air, rail, or sea shipment. 


TM 9-2320-387-24-1 
1-10. EQUIPMENT CHARACTERISTICS, CAPABILITIES, AND FEATURES (Cont'd) 
UP-ARMORED CARRIER, W/SUPPLEMENTAL ARMOR: M1114 


PURPOSE: This model is used to transport, mount, and operate the M2 and M60 machine guns and 
MK19 automatic grenade launcher with armor protection for crew, weapons components, and 
ammunition. The M1114 model may have a optional rear winch which can be used for recovery operations. 


: 
= 
SF 7 


"4 ‘ 


M1114 
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1-10. EQUIPMENT CHARACTERISTICS, CAPABILITIES, AND FEATURES (Cont'd) 


$250 SHELTER CARRIER: M1113 


PURPOSE: This model is used for securing and transporting the S250 electrical equipment shelter. The 
M1113 model may have a optional front winch which can be used for recovery operations. 


M1113 
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1-11. LOCATION AND DESCRIPTION OF MAJOR EXTERIOR 
COMPONENTS 


The exterior components described below are common to all vehicles covered in this manual. Special 
differences are found in table 1-1, Differences Between Models, in this manual. 


@) 
©) 
©) 
© 
© 
© 
@) 
® 
@) 
®) 
© 


AIR CLEANER - Filters air before it enters intake manifold. 
ENGINE - Provides power for the vehicle. 


TRANSMISSION - Transmits engine power to transfer case at varying speeds. 


FUEL TANK - Stores fuel. 

GEARED HUB - Transfers turning action of halfshafts to wheels for vehicle motion. 

PINTLE HOOK - Permits towing of vehicles or equipment. 

REAR PROPELLER SHAFT — Transmits power from the transfer case to the rear differential. 
TRANSFER CASE — Provides full-time four-wheel drive with three drive ranges. 

FRONT PROPELLER SHAFT — Transmits power from the transfer case to the front differential. 


MASTER CYLINDER AND HYDRO-BOOSTER — Provides hydraulic pressure and power assist 
for vehicle stopping power. 


DIFFERENTIAL - Transfers turning action of the propeller shaft to the geared hubs through the 
halfshafts. 


WINCH -— 9,000 lb electrically powered to provide recovery capability. Located in front of vehicle on 
M1113 models (if equipped) and rear of vehicle on M1114 models (if equipped). 


XO _— a ai 
) wi ieee lah 
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1-12. LOCATION AND DESCRIPTION OF MAJOR INTERIOR 
COMPONENTS 


The major interior components shown below are common to all vehicles covered in this manual. Components 
not covered here can be found in the applicable maintenance chapters of this manual. 


DIRECTIONAL SIGNAL CONTROL -— Activates turn signal lights. 

AIR RESTRICTION GAUGE -— Indicates restrictions in the air cleaner. 
STEERING WHEEL ~ Manual control for turning vehicle. 

INSTRUMENT CLUSTER ~ Houses controls and indicators. 

DIAGNOSTIC CONNECTOR - Connection point for STE/ICE-R test set. 
TRANSMISSION SHIFT LEVER — Manual control for shifting transmission. 
TRANSFER CASE SHIFT LEVER — Manual control for shifting transfer case. 
PARKING BRAKE LEVER —- Manual control for applying parking brake. 
ACCELERATOR PEDAL — Foot control for determining engine speed. 


BRAKE PEDAL — Foot contro! for stopping vehicle. 


MAIN LIGHT SWITCH -— Controls operation of vehicle lights. 


OWOOOOOO OOOO® 


ROTARY SWITCH — When positioned to START, the starter is engaged to crank the engine. 


T= (ZG 
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1-12. LOCATION AND DESCRIPTION OF MAJOR INTERIOR 
COMPONENTS (Cont'd) 


P (Park) 


© 


R (Reverse) 
N (Neutral) 


(2) 

(3) 

(4) (D) (Overdrive) 
(5) D (Manual Third) 
(6) 
@) 


2 (Manual Second) 


1 (Manual First) 


a 
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1-13. LOCATION AND CONTENTS OF WARNING, CAUTION, AND DATA PLATES 


The location and contents of caution, data, and warning plates are provided in this paragraph. If any of 
these plates are worn, broken, painted over, missing, or unreadable, they must be replaced. Information on 
data plate may vary with the model. 


DO NOT REMOVE 
CAP OR TOUCH 
WHEN HOT 


TM 9-2320-387-24-1 


1-13. LOCATION AND CONTENTS OF WARNING, CAUTION, AND DATA PLATES (Cont'd) 


WARNING 
KEEP HANDS 
CLEAR 


y 
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1-13. LOCATION AND CONTENTS OF WARNING, CAUTION, AND DATA PLATES (Cont'd 


~ 


a 


TRUCK UTILITY: EXPANDED CAPACITY, 
4X4, WIE, WAV (HMMWV), M1113 


A 8 
Dba 5 CEC 
cel ec | “tre 
ae 
SR ec 


MAX. TOWED LOAD . 
VERTICAL PINTLE LOAD 420 LBS. 
SHIPPING CUBAGE . 
SHIPPING WEIGHT DRY 
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1-13. LOCATION AND CONTENTS OF WARNING, CAUTION, AND DATA PLATES (Cont'd) 


HIGH INTENSITY NOISE 
HEARING PROTECTION 
REQUIRED 


FRESH AIR 
INTAKE 


OPERATING LEVER 
LOCATED UNDER 
DUCT ON GRILLE 


PULL 
TO 
OPEN 


TO ADJUST SEAT 


1. LIFT SLIDE SET BAR AND 
MOVE SEAT FORWARD 
OR REARWARD TO 

DESIRED LOCATION 


. LIFT ADJUSTER KNOB 
TO RAISE OR 
LOWER SEAT 
TO DESIRED 

HEIGHT 
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1-13, LOCATION AND CONTENTS OF WARNING, CAUTION, AND DATA PLATES (Cont'd) 


MAX. VEHICLE OPERATING SPEEDS VEHICLE BREAK-IN 
TRANSFER CASERANGE SELECTION SERVICE 


TRANSFER RANGE a ol “A” “HAL 
SELECTION Low Lock High High Lock 


“R" Reverse 10MPH 27 MPH 27 MPH DURING THE FIRST 500 MI. 
(D) Overdrive 28 MPH 55 MPH 55 MPH (804 KM) OF OPERATION: 
¢ DO NOT EXCEED A SPEED 
OF 55 MPH (88 KPH) 
DO NOT DRIVE FOR LONG 
PERIODS OF TIME AT 
TRANSFER CASE IN HIGH “H” WHEN CONSTANT SPEED 
OPERATING ON HARD SURFACE AVOID RAPID ACCELERA- 
FORDING TION OR DECELERATION 
SHALLOW FORDING DEPTH DRIVE AT MODERATE 
30 INCHES SPEED UNTIL THE ENGINE 
IS FULLY WARMED UP 
NO TRAILER TOWING 


“D” Drive 21 MPH 55 MPH 55 MPH 
“2” Second 14 MPH 38 MPH 38 MPH 


“{" First 8 MPH 23 MPH 23 MPH 
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1-13. LOCATION AND CONTENTS OF WARNING, CAUTION, AND DATA PLATES (Cont'd) 


12100 GVW, 4X4 WE 1114 


19207/87T0015 — MFR O’GARAHESS & 


EISENHARDT 
MFR'S. SERIAL NUMBER S  ——— 7 
REGISTRATION NUMBER ae * io aiae ee ee 


NATIONAL STOCK NUMBER 2320-01-413-3739 
VEHICLE CURB WEIGHT 9800 LBS 
PAYLOAD MAXIMUM — 2300 LBS 
GROSS WEIGHT MAXIMUM —  12100LBS 

DATE OF DELIVERY SS 


CONTRACT NUMBER _ DAAE07-94C04106 
U.S. PROPERTY 


Zool 
O “tage 


4X4, W/E, HMMWV, XM 1113 


19207/87T0014 MFR A.M.GENERAL 


MFR'S. SERIAL NUMBER —- CF) 
REGISTRATION NUMBER Bee ee 


NATIONAL STOCK NUMBER = — 2320-01-412-0143 
VEHICLE CURB WEIGHT = 6100 LBS 
PAYLOAD MAXIMUM = 5400 LBS 

GROSS WEIGHT MAXIMUM nae 11500 LBS 

DATE OF DELIVERY = ie 


CONTRACT NUMBER _— WA-X001-96-0045 
U.S. PROPERTY 


DEEP FORD 


M1113 VEHICLES 
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1-13, LOCATION AND CONTENTS OF WARNING, CAUTION, AND DATA PLATES (Cont'd) 


MANUALS 


TM 9-2320-387-24 
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OPERATORS 


MANUAL 


PARTS LIST 


j= 3) POL 


jth 


1114 VEHICLES 
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1-13. LOCATION AND CONTENTS OF WARNING, CAUTION, AND DATA PLATES (Cont'd) 


= 
ENG RUN 


M1114 VEHICLES 
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1-13. LOCATION AND CONTENTS OF WARNING, CAUTION, AND DATA PLATES (Cont'd) 


WARNING 


DO NOT USE HAND THROTTLE AS AN 
AUTOMATIC VEHICLE SPEED OR CRUISE CONTROL. 
THE HAND THROTTLE WILL NOT DISENGAGE 
AUTOMATICALLY WHEN BRAKE IS APPLIED. 


WARNING 


SEAT BELT HAS NON-LOCKING RETRACTORS. FOR PROPER 
USE, WEBBING MUST FIRST BE COMPLETELY EXTENDED 

FROM THE NON-LOCKING REFRACTOR DEVICE. ALL EXCESS 
WEBBING MUST THEN BE ADJUSTED AT THE BUCKLE. 


STEERING WHEEL LOCKING 
DEVICE LOCATED UNDER 
INSTRUMENT PANEL 


M1114 VEHICLES - 
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1-13, LOCATION AND CONTENTS OF WARNING, CAUTION, AND DATA PLATES (Cont'd) 


SLAVE 
RECEPTACLE 
INSIDE 


BATTERY POS. 24V 


‘CONNECTING BATTERY CABLES 
CAUTION 


CONTINUED RELIABILITY OF ELECTRICAL SYSTEM 
AEQUIRES THAT ROUTINE MAINTENANCE BE 
PERFORMED TO ASSURE GOOD ELECTRICAL 
CONNECTIONS AND SAFE CABLE POSITIONS. 

1. BATTERY ANO CABLES MUST BE INSTALLED AS 


2 CABLES MUST LAY DOWN FLAT ON TOP OF 
BATTERIES. 

3. KEEP TERMINALS AND CONNECTIONS CLEAN 

AND TIGHT. APPLY A HEAVY COAT OF GREASE 

TO BATTERY TERMINALS. 
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1-14. DIFFERENCES BETWEEN MODELS 


The differences between models are provided in this paragraph. 


Table 1-1. Differences Between Models. 


Equipment/ 
Function M1113 | M1114 


Armament Mounting x 
$250 Shelter 

Configuration 

Vehicle Winch x 
(if equipped) 

Supplemental Armor x 


1-15. TABULATED DATA 
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Vehicle performance data for the ECV vehicles is listed in table 1-2. Information not covered can be found in 


TM-9-2320-387-10. 
Table 1-2. Tabulated Data. 
NOTE 
Standard and metric measurements will be used in this table. 
A list of their abbreviations is provided below. 
TABULATED DATA ABBREVIATIONS 
MEASUREMENT ABBREVIATION MEASUREMENT ABBREVIATION 
PIM OTS 4. 05. r nha eee a ee & oe ees A Liters Per Minute.................. L/m 
COINS . 4 'i0344%.2004 5 bed wake cae Ras C MAXIMUM 44-6 h:6.o4 am 4-0 2-34. be oH oe es max 
CONMMICtEl. 06 uced meus ae ce dad meade cm Miles Per Galloniaeg-o:% gi ao's eee OO KGS mpg 
Panrennelt 22.445... 000%4ed seme das F Miles Per Hour. ..2.24¢ 5242245 40 e040 mph 
AONE 05 chs ede Ee aee wae Dae Re es gal. MUNMEGO? cease eve eae bee vad and mm 
Gallons Per Minute. ........6.0000. gpm Minimum............ 0.000 cee eee min 
Horsepower .......... 0200 e ee ee eee hp Newton-Meter................20055 N-m 
PNChed ca bnes gee oa te eevee te hea in. Pin occ eewaks okie eee sels Bees pt 
POPP atn oe gn 8 oe Sore se be ee Bes kg POUNG 5 b4-00580.40s bee ede ee ee lb 
Kilometers Per Hour................ kph Pound-Feet............... 000 ewes lb-ft 
Kilometers Per Liter................ km/L Pounds Per Square Inch ............. psi 
KiloPascal 24 cc sos de08a0%e+eeaee4 kPa QUSTG so .o4 sti baie eewousnnes qt 
WlOW Als 664 ees eee a Seaweed & es kW Revolutions Per Minute.............. rpm 
ENClS 2 654.008 bt. oe See Hee ee L bs) cee ee ee ere ee ee ee Vv 
STANDARD METRIC 
1. PAYLOAD 
MV btw ane eons Sah eee Cee oes Se aoe Gea eee es 5,400 lb 2,450 kg 
NT hace eG outn aee oes as Gas eee aes bee 2,300 Ib 1,044 keg 
2. CAPACITIES* 
Cooling System .2.24 44 ¢2046esddeesnteeeeeaiwieeeeens 26 qt 24.6 L 
Engine 
Crankease OY 2 ¢2s:s4%4 0 bbe hau e de cud eden bed oe Oks 7 qt 6.6 L 
Crankcase and Filter.............. 0.00 eeceeeeee 8 qt 7.6 L 
Piel (AUK << .y 6h eee OS. se CARN S eee Oe eee ak 25 gal. 94.6L 
Differential (each) ....... bap hea te Ses eae ee aa Soe we 2 qt 1.9L 
Transmission: 
Dreim and Rent oon tte eaneud. ue $d bee apie ee Be 7.7 qt 7.3 L 
WiDry COnverter..2.3.2.05 045-26 ewe oe Bhae Ven sd ke how as 13.5 qt 12.8L 
IYENSICY CAS6 0.2 6.4 a 6152-05 04.5 ow SOR aS ee Sees week 3.35 qt 3.17 L 
Geared HUD soso 2-66.00 04 40 14 GOR EERO) Rakes ewe RA 1 pt 0.47 L 
Steering Hydraulic System with Steering Cooler............ 1.25 qt 1.18 L 
Brake Hydraulic System .......... 0... 20 ceeee ee eeeee 1.63 pt 0.77 L 
Brake Master Cylinder ............. 000. c ee ee eee euae 1.12 pt 0.53 L 
Windshield Washer Reservoir................00000 ce eee 2-1/2 qt 2.37 L 


*ALL HYDRAULIC SYSTEMS AND ALL FUEL CAPACITIES 
ARE CALCULATED APPROXIMATIONS 
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Table 1-2. Tabulated Data (Cont'd). 


STANDARD METRIC 
3. ENGINE 
Mode). noon 4 RGes eee Rea eee woes A TRS wae CES OS GM 6.5 L 
Typ oo ee A tos es SER Diesel, Turbocharged Liquid-Cooled, V8 
Brake Horsepower. ........ 20 c cece ccc ceeeee 190 hp @3,400 rpm 119.4 kW @3,400 rpm 
Idle Speed 2.2332 i dec anske seen isodeeees tasers 700 + 25 rpm 
Operating Speed... 0... 2. e eee 1,500-2,300 rpm 
Oil Pressure ; 
@ TS hep Wath bere soe AO EAA ee ee Ae ae 20 psi 138 kPa 
@ Operating Speed ......... ee eee eee eee eee 40-50 psi 276-345 kPa 
4. FUEL SYSTEM 
Fuel Pump (Mechanical): 
TVDC 46st Ses ees ee Cam-Driven Diaphragm 
Fuel Filter 
Type ca Ace es See tine Fae Fuel/Water Separator 
Air Cleaner: 
WGC camera he oh earn ee eae ee eS Dry Element 
Glowplug: 
DVDs <6 sihan i LOG ERR Mee Rae SN ERE AS HST aa Fast Start 
5. COOLING SYSTEM 
Surge Tank Cap Pressure... ... 0... eee eee eee eee eee ees 15 psi 103 kPa 
Thermostat: 
Starts'to Open se. 042 ects oy ee ke ees 8a we See oe aie es 190°F 88°C 
Fully Opens, #4 js5 soe Xie oa oS e or see hese te eee 212°F 100°C 
Radiator: 
TV P6 c55 ch tee Rees cite ea he UEOs wots Downflow 
Fan: 
Type oid cclade acid Abele Sh See SM eee eee Res Ten Blade 
Diameter ag.oes osc ah eh EGS SEA KE eee ae eas 19 in. 48.26 cm 
6. ELECTRICAL SYSTEM 
Alternator: 
Manutecturer’s<. ic Gvd.ce sock ew CoG Cee ey aw Bees Neihoff 
Model. Jetta ce Me eee ee Oey ae ay vee a 12447109 
Outwutl. - 2 k.26acehso ys wee Geee eae 200 A @ 1,600 rpm (engine) 
Rated Voltage 202.5 .66.85 cba cee ne aae eee ee ee eee ee 24V/12V 
Starter: 
Manufacturers: .ac faces cde 6 eae es be a ee hee ae we Prestolite 
WMOd eis ides earns Sait Aha eee we eA eee Gea es MFY 
Capacity ick hae ae vetes Hie Pe E Re SERS EE aig a ee 9.5 hp 
VOltag 62 sie Gah Sloane oe iear Ree wee MEMO OR sO 24V 
Batteries (2): 
VoltaeGincccce hae S cabs ioe Vee SROs ee ees 12V 


1-20 


7: 


10. 


als 


12; 
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Table1-2. Tabulated Data (Cont'd). 


STANDARD 
TRANSMISSION 
MGMUTACCUIED om can4e bxxkw sunt ddwwkoameed Doe te aoe H ydramatic 
DOUG! « dias fre uw 26 fetes Breas eg Oe 8 oe le ees Boe oe 4L80-E 
WRG 33% wes 4-Speed, Automatic, Torque Converter Stall Ratio of 2.1 and 
Direct Drive w/Lock-U p Clutch in Fourth Gear 
Gear Ratios 
PIPSls > we ow ae oe aoe Oe ee ee ee See Eee Econ eae aes 2.48:1 
Second .. 0... ee ee ee 1.48:1 
WS! ¢ Soo ade Ba era-d ben Gree Aoeecdnd gd Ble ener Boe a Rie eee ee es 1.00:1 
POU Cli 24-4 o oe are Be are Re ee ee ee eee es 0.75:1 
REVEVSe. 2. ee ee 2.08:1 
OUT Viey.e4 ua we cee he nee Gees dees Gar ee as ote oe Dexron® III 
Ol PPeSSUlrew <2 5. ee oe booths ee Sere te eee eee tee es 35-324 psi 
TRANSFER CASE 
Manufacturer... . es New Venture Gear 
DIOGEL oe geass ee ee eae Pe ae 242 w/|Intercooler 
Gear Ratios: 
FGM ane On LOK ss a4. ate ase oe head and oe wa Oe ae ae 1.0:1 
OU OG haa Je Soa ak: Sp a ss & ed a we ee pee 2.721 
DIFFERENTIAL 
Manufacturer: <.0246¢6464446854 249544885546 24 Fe 9 d AM General 
VVOC% 04 S24 e5 Red eS PEG eS ees PEERS eee oe Sees H ypoid Gears 
Gear RatO? i-a< sis od. ss Sos Sew a WS, oe dims oS oe oe he ed 3.08:1 
GEARED HUB 
Mantitactirel.< 6s ¢5<0h¢eeks Se creee 6 oe OES oo Sees AM General 
TOG. os6 os be td SO Sh Oboe Sew hs S58 Ob Oe Soha es Spur Gears 
Gear RatlO’ asd sve ood 6k aed, Ba he. aed, em a ek ee oA 1.92:1 
SERVICE BRAKE CALIPER (FRONT) 
Aner. oa te Gxr-sbeee abe oe Sone ok eee ee K elsey-H ayes 
Piston Diameter. ........0.0 000 ce ee ee eee 2:5 ini, 
SERVICE/PARKING BRAKE CALIPER (REAR) 
Manian! p2unseeecheprieceee et neese eee ae pare K elsey-H ayes 
Piston DISMELE! « 2so4 b2o446 26-84 ba ee Se ew eR ws Z:6:1ii; 
SERVICE BRAKE ROTOR (FRONT) 
Meanie UINGh 2c. s.acicng. 2nd g. fare, BeachG Sad Be. Bees K elsey-H ayes 
DIGMGlLEl. .45.4-c46% 54446455549 KOS O6 aOR EKER OS OO OER LZ. in: 
WW NSS 8 orcace 4. i-g ae Seis eva: duno a ae ie ae pi Be dete cae pl ade md 0.866 in. 
SERVICE/PARKING BRAKE ROTOR (REAR) 
ManUtaQUrer «pen tueenc urea devotee esd oa4 ee eas K elSey-H ayes 
DIGMGLEl «456 2c6% 566496 4 ebS See ba K SR PRO KOR REO OES R 12 in. 
Wes re he Sg se ei a Gea a ge ead a ar hipaa pg dt a 0.866 in. 
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METRIC 


241-2,234 kPa 


66 mm 


66 mm 


304 mm 
22mm 


304 mm 
22mm 
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Table 1-2. Tabulated Data (Cont'd). 


STANDARD 
14. WHEELS AND TIRES 
Tire: Size (Radial) 62.8 8 os ae Ses 2B Saws 37 in. x 12.5 in. x 16.5 in. 
Wheels 
DV DO iors te Eerie os eh oe wy Mis aan gra eee oh ed alan Soy Offset Disc 
Runflat Insert: 
Wy0Cu: 6 wan odes Oe Res ake eh a hie ea ed lg Rubber 
15. STEERING SYSTEM 
Steering Gear: 
MANUIACTUTED. was age ae 9. ca bh Hague eid hare ee etek Delphi 
LVDCs os oie ide eeloak Re eae ee eae ee ond Variable Ratio 
BRAG Oe 26 cei gato Gouna aa a Mack nen de etek kee ete ict ahr Goa ar 13/16:1 
Power Steering Pump: 
NMaANUIACUUTOR= ase 454 ba eer ere gid aca eo. Pe we Ba a ek ee es Delphi 
MOGGl ois gid ht Bra Oe ase oe oh eens ae aes tere ate Kean GIS gud kate 125 
Output Pressure (Max) ac oso x vey suena Saeed Se es 1,450 psi 
Capacity (engine 1,500 rpm).:-d «a eacte seed ee oe Rewer 2.6 gpm 
Plow Hate Gnas) otc Sey e ae sae au se cue ar esa k Sau es 3.5 gpm 
Toe-In (Front/Rear @ Curb Weight): ............ 0.375 in. + 0.1875 in. 
16. FRAME 
WiaNUIACLUTOR 6 osc uihcavre Bi aan ear ee we eee Sees AM General 
TN DC va toigcy singh w 2.96 ies ha ane es Grate alee, a Medes eee Box 
INO: Of Cross mem DENS i ida od ats ae heh a eS ale eT A, bce Bs Five 
17. WINCH (optional) 
EGCG occ dct feet od eye fos idk unt ada ob eee ee alee ea res MIL-9000 
TDG sooo ks bee’) tee es Electric Drive, Thermal Cutoff Switch 
Caney ante 2G eae Re Oe ie OSG iw wre ne 8 aka Pe aor 9,000 lb 
18. AIR-CONDITIONING COMPRESSOR 
Manulacturer 44 4:34. 6cix id tee od ade Nas wees PRS KS Harrison 
MOGGD retin a cue e aoe ea a teeon aa Ge ae Reo eS Hew ance aaa Et 510 
Pica" Coll: «.cnte suey Sed dh hens 2 eee eee awed Gade a oe 24V 
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METRIC 


93.98 cm x 31.75 cm 
x 41.9 cm 


9,998 kPa 


13.2 L/m 
11 mm + 3.2 mm 


4,086 kg 


1-16. GENERAL 


Section III. PRINCIPLES OF OPERATION 
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This section explains how components of the ECV series vehicles work together. The systems (functional 
groups) covered are listed in the Principles of Operation Reference Index, |paragraph 1-17. 


1-17. PRINCIPLES OF OPERATION REFERENCE INDEX 


REF. 
PARA. : 


No to ROE ID Oo) ee 
(op) re bo) ie] IO] KO 


a a 
we) N 
tO} joo} |~a 


SYSTEM 


Drivetrain Operation 

Fuel System Operation 

Cooling System Operation 

Starting System Operation 

Generating System Operation 

Battery System Operation 

Windshield Wiper/Washer System Operation 
Service/Parking Brake System Operation 
Service Brake System Operation 

Steering Control System Operation 
Suspension System Operation 

M1114 Air-Conditioning System Operation 
200-Ampere Umbilical Power Cable 


HEBER EEESERES 
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1-18. DRIVETRAIN OPERATION 


The drivetrain is identical for both models covered in this manual. It converts horsepower into mechanical 
force to move the vehicle. Major components of the drivetrain are: 


(a) ENGINE - The 6.5 liter V-8 turbocharged engine develops approximately 190 horsepower at 3,400 rpm 
to power the vehicle. The engines are essentially the same on all models except those equipped with 
deep water fording kit installed, which adds a specially vented CDR valve. This difference does not 
affect engine performance. 


TRANSMISSION ~- Adapts engine power to meet different driving conditions. The automatic 
transmission has four forward speeds, a reverse, a neutral, and a park. A neutral safety switch 


prevents the vehicle from being started with the transmission in any selector lever position except 
park and neutral. 


TRANSFER CASE - Directs engine-to-transmission power to front and rear differentials 
simultaneously. This condition means the vehicle is always in four-wheel drive. The transfer case 
allows for selection of three drive ranges and a neutral position. A complete description of these 
driving ranges and the recommended driving conditions during which they are used can be found in 


PROPELLER SHAFTS - Link transfer case to differentials. Universal joints, located at either end 
of the front and rear propeller shafts, permit inline driving power between the transfer case and 
differentials even though they are mounted at different angles. 


(E) DIFFERENTIALS — Transmit driving power, via halfshafts and geared hubs, to left and right 
wheels. The differential ensures power is applied to the wheel having traction, regardless of which 

wheel is slipping. This feature is called torque biasing. 
(F) HALFSHAFTS — Transmit power from differentials to geared hubs. 


GEARED HUBS - Serve as the front wheel steering spindle and act as the final drive components 
to front and rear wheels. 


( lt ¢ o\_B ) 


rar] Ace 
A wees === IAW 
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1-19. FUEL SYSTEM OPERATION 


The HMMWV diesel fuel system operation is identical for both models covered in this manual. The system 
cleans and supplies fuel for the engine. Major components of the fuel system are: 


®2@EQ © OOO 


FUEL PUMP - Draws fuel from fuel tank through the supply line and pumps it to the fuel filter. 
FUEL RETURN LINE - Carries unused fuel from the injection pump back to the fuel tank. 
FUEL SUPPLY LINE - Carries fuel from fuel tank to the system. 

FUEL TANK - Stores 25 gallons (95 liters) of diesel fuel. 


FUEL FILLER CAP — Located at right rear side of vehicle, the cap is removed to permit fuel tank 
servicing. 


FUEL INJECTORS - Receive metered fuel from the injection pump and spray fuel into the 
combustion chambers. 


FUEL FILTER/WATER SEPARATOR - Filters water and sediment from fuel before fuel enters 
the injection pump. 


INJECTION PUMP - Directs metered and pressurized fuel to the eight injector nozzles. It is 
mounted on top of the engine under the intake manifold. 
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1-20. COOLING SYSTEM OPERATION 


The cooling system removes excess heat from the engine, engine oil, transfer oil, and transmission oil. Major 
components of the cooling system are: 


O©Q OOOO © 
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ENGINE TEMPERATURE SENDING UNIT - Sends signal indicating coolant temperature to 
gauge on instrument cluster. 


ENGINE TEMPERATURE SWITCH - Sends signal to activate control valve system to operate fan 
when engine temperature exceeds 220°F (104°C) and deactivates when engine temperature drops 
below 190°F (88°C). 


WATER CROSSOVER - Collects coolant from cylinder heads and channels it to the thermostat 
housing where it is redirected through the cooling system. 


THERMOSTAT - Shuts off coolant return flow to radiator until temperature reaches 190°F (88°C). 
Coolant is then directed to the radiator through the radiator inlet hose. 


RADIATOR - Directs coolant through a series of fins and baffles so outside air can dissipate excess 
engine heat before the coolant is recirculated through the engine. 


OIL COOLER -— Directs engine oil (lower half of cooler), power steering oil (lower half of cooler), and 
transmission oil (upper half of cooler) through a series of fins or baffles so outside air can remove 
heat from oil. 


SURGE TANK — Filling and expansion point for cooling system. 


PERSONNEL HEATER - Provides heat for personnel and interior of vehicle. 
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1-20. COOLING SYSTEM OPERATION (Cont'd) 
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FAN -— Pulls outside air through radiator to remove heat from coolant. 


HYDRAULIC CONTROL VALVE - Directs hydraulic fluid to provide required pressure to actuate 
fan clutch as required by engine temperature. Hydraulic pressure is supplied by power steering 
pump. 


TIME DELAY MODULE - Sends delayed signal to fan clutch solenoid for delay of fan actuation to 
provide needed horsepower for engine acceleration. 


FAN CLUTCH SOLENOID - Actuates hydraulic control valve as required by coolant temperature. 
WATER PUMP - Driven by serpentine belt, provides circulation of coolant through cooling system. 


FAN CLUTCH — Hydraulically actuated by pressure from hydraulic control valve to control 
operation of fan. Hydraulic pressure is supplied by power steering pump. 


DRAINVALVE - Draining point for radiator and cooling system. 


RADIATOR SHROUD - Permits a greater concentration of air to be pulled through the radiator. 
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1-21. STARTING SYSTEM OPERATION 


The starting system is identical for both vehicles covered in this manual, and consists of the following 
components and circuits: 


ROTARY SWITCH - When in START position, provides battery power through neutral start switch 
to the starter solenoid circuit 14. 


NEUTRAL STARTER SWITCH -— When transmission shift lever is in P (Park) or N (neutral) 
position, this switch closes allowing battery power to reach the starter solenoid. 


PROTECTIVE CONTROL BOX - Acts as a link between body harness and engine harness. 


STARTER SOLENOID — A magnetic relay that transmits 24-volt battery power to the starter 
motor. 


STARTER MOTOR - Cranks the engine for starting, and is supplied 24-volt battery power through 
circuit 6A. 


QOOQ®©©& 
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| 1-22. GENERATING SYSTEM OPERATION | 


The 200-ampere generating system maintains battery charge and provides electrical power to operate 
vehicle circuits. Major components of the generating system are: 


BATTERY GAUGE - Indicates electrical] system voltage. It is connected to the electrical system 
through circuit 567. 


ALTERNATOR (200-AMPERE) - Is rated at 28 volts at 200 amperes, and 14 volts at 50 amperes 
with external regulator. The alternator assists and recharges the vehicle batteries during operation. 


CIRCUIT 568 — Senses vehicle voltage, and activates the field current in the alternator circuit to 
alternator. 


PROTECTIVE CONTROL BOX - Protects the vehicle electric system in the event battery polarity 
is reversed. Provides load dump, glow plug operation, and interfacing of engine body harnesses. 


CIRCUIT 2 — Sends AC signal, indicating alternator shaft rpm, to frequency switch in protective 
control box to prevent operation of starter solenoid when engine is running. 


BATTERIES — Two 12-volt batteries are connected in a series to provide 24 volts to start vehicle and 
assist alternator during operation. 


POSITIVE CABLE 6 - Provides 28-volt alternator output to maintain charge across two batteries. 


POSITIVE CABLE 68A -— Provides 16-volt alternator output to maintain charge across the lower 
battery. 


CIRCUIT 3 — Connects to negative stud on alternator with engine ground strap to provide a ground 
circuit to alternator. 


OOOO OOOQ®® 
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1-23. BATTERY SYSTEM OPERATION 


The battery system is identical for both vehicles covered in this manual and consists of the following circuits 
and components: 
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CIRCUIT 6A ~ Connects the batteries to the starter and to the protective control box through 
circuit 81A. 


BATTERIES — Two 6TN batteries are connected to provide 24 volts DC for the electrical starting 
system. 

SLAVE RECEPTACLE - Links an external power source directly to the slaved vehicle’s batteries to 
assist in cranking the engine when the vehicle’s batteries are not sufficiently charged. 


SHUNT - Used when measuring current draw from batteries utilizing STE/ICE-R. 


PROTECTIVE CONTROL BOX (PCB) ~ Protects the vehicle electrical system if the battery 
system polarity is reversed. Provides frequency lockout, load dump, glow plug operation, and 
interfacing of engine body harnesses. 


ROTARY SWITCH ~— When in START position, actuates starter solenoid through circuits 11A and 
74A. When in RUN position, closes circuit 29A to activate instrument cluster gauges through circuit 27. 
CIRCUIT 7A — Connects the starter negative terminal to engine ground while circuit 7E connects 
shunt to engine ground. 


STARTER SOLENOID - Actuates starter motor gear to crank vehicle engine. 
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1-24. WINDSHIELD WIPER/WASHER SYSTEM OPERATION 


The following miscellaneous components and circuits are not covered in any of the other electrical systems: 


WINDSHIELD WIPER MOTOR - When knob is turned to LOW or HIGH position, circuit 27 
carries battery power to wiper motor to activate windshield wipers. 


CIRCUIT 57 — Provides a ground circuit for wiper motor. 


WINDSHIELD WASHER MOTOR ~- When knob on wiper motor is pushed, the washer motor is 
activated through circuit 71 to spray water onto windshield. 
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1-25. SERVICE/PARKING BRAKE SYSTEM OPERATION 


The parking brake system is a mechanically-actuated system that provides a means of keeping the vehicle 
still once it stops. It also assists in emergency stopping if there is a complete service brake system failure. 
Major components of the parking brake system are: 


PARKING BRAKE ROTORS - Attached to output flanges on rear differential, rotors prevent 
output flanges from turning when parking brake is applied. 


BRAKE PADS - Apply friction to rotors when hand lever is applied. 

PARKING BRAKE CALIPERS - Force brake pads against rotors when hand lever is applied. 
PARKING BRAKE CABLES -— ‘Connect parking brake hand lever to equalizer bar. 
EQUALIZER BAR = Evenly distributes braking pressure to the rear brake rotors. 

PARKING BRAKE ROD - Connects parking brake hand lever to equalizer bar. 


PARKING BRAKE HAND LEVER - Permits operator to engage the parking brake. 


PARKING BRAKE HAND LEVER ADJUSTING CAP — Permits operator to make minor tension 
adjustment of parking brake. 


CROROIOIOCIOIONS 
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1-26. SERVICE BRAKE SYSTEM OPERATION 


The service brake system is identical for both models covered in this manual. It is an inboard-mounted, four- 
wheel, disc brake, hydraulically-assisted system. Major components of the braking system are: 


(4) BRAKE LINKAGE - Directs brake pedal pressure to hydro-booster. 
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HYDRO-BOOSTER ~ Converts hydraulic power from the steering pump to mechanical power to 
the master cylinder, providing power assist during braking. 


MASTER CYLINDER/RESERVOIR - Stores brake fluid, and converts mechanical pedal pressure 
to hydraulic pressure. 


PROPORTIONING VALVE - Provides balanced front-to-rear braking and activates brake 
warning lamp in case of brake system malfunction. 


ACCUMULATOR - Stores hydraulic pressure for additional power-assisted braking in case of loss 
of pressure in steering system. 


BRAKE PEDAL - Provides operator control for stopping vehicle. 


BRAKE PRESSURE LIMITER - Limits front brake line pressure to prevent brake lockup. 
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1-26. SERVICE BRAKE SYSTEM OPERATION (Cont'd) 
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HYDRAULIC BRAKE LINES - Direct brake fluid under pressure to all four brake calipers from 
master cylinder. 


BRAKE CALIPER - Converts hydraulic pressure to mechanical force to compress brake pads 
against brake rotors. 


BRAKE ROTOR - Attached to output flange on front and rear differentials, rotor prevents output 
flange from turning when brakes are applied. 


BRAKE PADS - Apply friction to brake rotor when brake pedal is depressed. 
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1-27. STEERING CONTROL SYSTEM OPERATION 


The steering system is identical for both models covered in this manual. Major components of the steering 
system are: 
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HYDRAULIC CONTROL VALVE - Directs hydraulic fluid to provide required pressure to actuate 
and deactuate fan clutch as required by engine temperature. Hydraulic pressure is supplied by power 
steering pump. 

HYDRO-BOOSTER — Converts hydraulic power from the steering pump to mechanical power to 
the master cylinder, providing power assist during braking. 

POWER STEERING COOLER - Is part of oil cooler which directs power steering fluid through a 
series of fins or baffles so outside air can dissipate excess heat before the fluid is recirculated through 
the steering system. 


SERPENTINE BELT - Transmits mechanical driving power from crankshaft drive pulley to 
steering pump pulley which drives the steering pump. 

OIL RESERVOIR AND STEERING PUMP - Combined in one unit, the reservoir serves as an oil 
filling point and the pump supplies the oil under pressure throughout the steering system. 


FAN CLUTCH — Hydraulically-actuated by pressure from hydraulic control valve to control 
operation of fan. Hydraulic pressure is supplied by power steering pump. 
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1-27. STEERING CONTROL SYSTEM OPERATION (Cont’d) 
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STEERING WHEEL - Serves as manual steering control for the operator. 


STEERING COLUMN - Transmits turning effort from steering wheel to intermediate steering 
shaft. 


INTERMEDIATE STEERING SHAFT - Permits angle of torque from steering column to input 
shaft of power steering gear. 


STEERING GEAR - Converts hydraulic power from steering pump to mechanical power at pitman 
arm. 


PITMAN ARM - Transfers steering torque from power steering gear to center link. 


TIE ROD ASSEMBLY - Transmits movement from center link to geared hub. 
GEARED HUB - Serves as the pivot point and link for the front wheels via the tie rod assembly. 
CENTER LINK - Transmits movement from pitman arm to tie rods. 


IDLER ARM — Supports right side of center link. 
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1-28. SUSPENSION SYSTEM OPERATION 


The suspension system is identical for both models covered in this manual. It is an independent coil spring- 
type system. Major components of the suspension system are: 
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BALL JOINTS ~ Connect geared hub to control arms, and allows change of angle between geared 
hub and control arms during suspension movement. 


UPPER CONTROL ARM - Connects geared hub to frame rail. 


STABILIZER BAR (FRONT ONLY) ~ Prevents vehicle sway when cornering. 


GEARED HUB - Serves as a mounting point for wheel and tire assembly and provides 1.92:1 gear 
reduction to increase torque to wheel and tire assembly. = 


LOWER CONTROL ARM - Connects geared hub to frame rail. 


SHOCK ABSORBER - Dampens suspension movement and limits amount of suspension travel. 


COIL SPRING ~ Supports weight of vehicle and allows Suspension travel to vary depending on 
terrain and vehicle loading. 
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1-28. SUSPENSION SYSTEM OPERATION (Cont’d) 


(a) RADIUS ROD (REAR ONLY) - Connects geared hub to frame to maintain rear end alignment. 
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1-29. M1114 AIR-CONDITIONING SYSTEM OPERATION 


The air-conditioning system covered in this manual applies only to the M1114 vehicle and consists of the 
following major components: 


DISCHARGE LINE - High-pressure gas is carried through the discharge line from the compressor to 
the condenser. 


COMPRESSOR - Inside the compressor, low-pressure gas refrigerant is compressed into a 
high-pressure gas that is pushed into the condenser by the compressor. 


SUCTION LINE - Refrigerant, in low-pressure gas form, is drawn from the evaporator by the 
suction action of the compressor. 


EXPANSION VALVE - High-pressure liquid refrigerant enters a nonadjustable expansion valve 
where the refrigerant is formed into a liquid spray. 


EVAPORATOR - Refrigerant enters evaporator as a liquid spray. It absorbs heat from the air in 
the crew compartment and vaporizes into a low-pressure gas. 


LIQUID LINE - High-pressure liquid refrigerant is carried back to the evaporator by the liquid 
line to repeat the evaporation/condensation cycle. 


QW OO®DO® © 


CONDENSER - Refrigerant enters the condenser as a high-pressure gas. When condensed, it gives 
up its heat to the outside air and becomes a high-pressure liquid. 


DISCHARGE LINE SUCTION LINE 
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f 1-30. 200-AMPERE DUAL VOLTAGE UMBILICAL POWER CABLE 


BH The 200-ampere dual voltage umbilical power cable covered in this manual applies to the M1113 and 
consists of the following major component: 


(A) POWER CABLE - located behind the companion seat, provides power for shelter equipment. 
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CHAPTER 2 | 
SERVICE AND TROUBLESHOOTING (UNIT) INSTRUCTIONS 


Section |. REPAIR PARTS, SPECIAL TOOLS, TEST, MEASUREMENT, 
DIAGNOSTIC EQUIPMENT (TMDE), AND SUPPORT EQUIPMENT 


2-1. COMMON TOOLS AND EQUIPMENT 


For authorized common tools and equipment, refer to the Modified Table of Organization and Equipment 
(MTOE) applicable to your unit. 


2-2. SPECIAL TOOLS, TMDE, AND SUPPORT EQUIPMENT 


Special Tools, Test, Measurement, and Diagnostic Equipment (TMDE), and Support Equipment used to 
maintain the vehicles covered in this manual can be found in TM 9-2320-387-24P. Calibrate all measuring 
and test equipment used to determine equipment conformance in accordance with TB 43-1800. 


2-3. FABRICATED TOOLS 


Fabricated tools needed to maintain the equipment in this manual can be found in appendix D. These tools 


are not available for issue, but must be fabricated and applied by unit, direct, and general support personnel 
only. 


2-4. REPAIR PARTS 


Repair parts are listed and illustrated in TM 9-2320-387-24P. 


Section Il. SERVICE UPON RECEIPT 


2-5. GENERAL 


a. Upon receipt of a new, used, or reconditioned vehicle, you must determine if the vehicle has been 
properly prepared for service. The following steps should be followed: 


(1) Inspect all assemblies, subassemblies, and accessories to ensure they are in proper working order. 
(2) Secure, clean, lubricate, or adjust as needed. 


(3) Check all basic issue items (TM 9-2320-387-10) to ensure every item is present, in good condition, 
and properly mounted or stowed. 


(4) Follow general procedures for all services and inspections given in TM 9-2320-387-10) 
The operator will assist when performing service upon receipt inspections. 

c. See TM 9-2320-387-10 when checking equipment for proper operation. 

d. Refer to TM 9-2320-387-10 for information concerning break-in procedures. 
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2-6. GENERAL INSPECTION AND SERVICING INSTRUCTIONS 


The following steps should be taken while performing general inspection and services: 


NOTE 
Cooler fin and engine protective covers can be used to prevent 
damage to the vehicle components during maintenance. Refer to 
appendix D, figures D-40 and D-41 for fabrication instructions. 
(1) Use TM 9-2320-387-10 as well as other sections of this manual when servicing and inspecting 
equipment. 
WARNING 


Drycleaning solvent is flammable and will not be used near an open 
flame. A fire extinguisher will be kept nearby when the solvent is 
used. Use only in well-ventilated places. Failure to do this may result 
in injury to personnel and/or damage to equipment. 
(2) Clean all exterior surfaces coated with rust-preventive compounds. Use drycleaning solvent 
(appendix C, item 26). 


(3) Clean fittings before lubrication. Clean parts with drycleaning solvent (SD), type II, or equivalent. 
Dry before lubricating. Relubricate all items found contaminated after fording. 


(4) Inspect electrical connectors for corrosion and/or damage (i.e., bent pins). Clean and repair 
damage. Apply sealing compound (appendix C, item 60) before reconnecting plugs. 


(5) Read Processing and Deprocessing Record of Shipping, Storage, and Issue of Vehicles and Spare 
Engines, tag (DD Form 1397) and follow all precautions listed. This tag should be attached to steering 
wheel, steering column, or rotary switch. 


2-7. SPECIFIC INSPECTION AND SERVICING INSTRUCTIONS 


The following steps should be taken while performing specific inspections and services: 


(1) Do the semiannual preventive maintenance checks and services listed in section ITI in this 
chapter. 

(2) Lubricate the vehicle. Do not lubricate gear cases and engine unless processing tag states that the 
oil is unsuitable for 500 mi (805 km) operation. If oil is suitable, just check level. 


(3) Schedule semiannual service on DD Form 314 (Preventive Maintenance Schedule and Record 
Card). 


(4) If vehicle is delivered with a dry, charged battery, activate it according to TM 9-6140-200-14. 


(5) Check vehicle coolant level and determine if solution is proper for climate (refer to TB 750-651 for 
preparation of antifreeze solutions). 


(6) Remove towing brackets from their stowed position behind the bumper and install them in their 
proper location (para. 9-2). 


Section Ill. PREVENTIVE MAINTENANCE CHECKS AND SERVICES 


2-8. GENERAL 


The best way to maintain vehicles covered by this manual is to inspect them on a regular basis so minor 
faults can be discovered and corrected before they result in serious damage, failure, or injury. All intervals 
are based on normal operation. Hard time intervals may be shortened if lubricants are contaminated or if 
you are operating the equipment under adverse conditions, including longer-than-usual operating hours. 
Hard-time intervals may be extended during periods of low activity, though adequate preservation 
precautions must be taken. This section contains systematic instructions of inspection, adjustment, 
lubrication, and correction of vehicle components to avoid costly repairs or major breakdowns. This is 
Preventive Maintenance Checks and Services (PMCS). 


2-2 


TM 9-2320-387-24-1 


2-9. INTERVALS 


a. Unit maintenance, assisted by operator/crew, will perform checks and services contained in table 2-1 
at the following intervals: 


(1) Semiannually. Every 6 months or 3,000 miles (4,828 km), whichever comes first. 

(2) Annually. Every 12 months or 6,000 miles (9,656 km), whichever comes first. 

(3) Biennially. Every 24 months or 12,000 miles (19,310 km), whichever comes first. 
b. Refer to following steps when performing lubrication checks and services: 


(1) Intervals. Lubrication services coincide with the vehicle’s semiannual preventive maintenance 
service. For this purpose, a 10% tolerance (variation) in specified lubrication point mileage is permissible. 
Those vehicles not accumulating 1,000 mi (1,609 km) in a 6-month period will be lubricated at the time of 
semiannual preventive maintenance service. 


(2) For Operation of Equipment in Protracted Cold Temperatures Below -15°F (-26°C). 
Remove lubricants prescribed in lubrication table for temperatures above -15°F (-26°C). Relubricate with 
lubricants specified in lubrication table for temperatures below -15°F (-26°C). If OEA lubricant is required, 
see the temperature ranges prescribed in the lubrication table. OEA lubricant is to be used in place of 
OE/HDO 10 lubricant for all temperature ranges where OE/HDO 10 is specified in the lubrication table. 


c. Perform all semiannual inspections in addition to annual inspections at the time of the annual 
inspection. Perform all annual and semiannual inspections in addition to biennial inspections at the time of 
the biennial inspection. 


2-10. REPORTING REPAIRS 


All vehicle shortcomings will be reported on DA form 2404 (DA Pam 738-750), Equipment Inspection and 
Maintenance Worksheet, immediately after the PMCS, and before taking corrective action. All vehicle 
deficiencies will be reported in the equipment record. 


2-11. GENERAL SERVICE AND INSPECTION PROCEDURES 


a. While performing specific PMCS procedures, ensure items are correctly assembled, secure, not worn, 
serviceable, not leaking, and adequately lubricated as defined below: 


(1) An item is CORRECTLY ASSEMBLED when it is in proper position and all parts are present. 


(2) When wires, nuts, washers, hoses, or attaching hardware cannot be moved by hand, they are 
SECURE. 


(3) An item is WORN if there is too much play between joining parts or when marking data, warning, 
and caution plates are not readable. 


(4) An item is UNSERVICEABLE if it is worn beyond repair and is likely to fail before the next 
scheduled inspection. 


(5) LEAKS. TM 9-2320-387-10 contains definitions of class I, I], and III leaks and their effect on 


vehicle operation. 
(6) If an item meets the specified lubrication requirements, then it is ADEQUATELY LUBRICATED. 


b. Where the instruction tighten appears in a procedure, you must tighten with a wrench to the given 
torque value even when the item appears to be secure. 


2-3 


TM 9-2320-387-24-1 


2-11. GENERAL SERVICE AND INSPECTION PROCEDURES (Cont'd) 


WARNING 


Drycleaning solvent is flammable and will not be used near an 
open flame. A fire extinguisher will be kept nearby when the 
solvent is used. Use only in well-ventilated places. Failure to do 
this may result in injury to personnel and/or damage to 
equipment. 

c. Where the instruction clean appears in a procedure, you must use drycleaning solvent (appendix C, 
item 26) to clean grease or oil from metal parts. After the item is cleaned, rinsed, and dried, apply a light 
grade of oil to unprotected surfaces to prevent rusting. 

d. Clean rubber and plastic materials with soap and water. Refer to TM 9-2320-387-10 for general 
vehicle cleaning instructions. 


2-12. SPECIFIC PMCS PROCEDURES 


a. The preventive maintenance for which you are responsible is provided in table 2-1. The checks and 
services listed are arranged in logical order, requiring minimal time and effort on your part. 


b. The following columns read across on the PMCS schedule: 


(1) Item Number. Provides logical order of PMCS performance and is used as a source number for 
DA Form 2404, on which your PMCS results will be recorded. 


(2) Interval. Shows the interval next to each item number to indicate when that check is to be 
performed. The interval will be repeated when consecutive item numbers are to be inspected during the 
same interval. Interval columns include: 


(a) Semiannual (six month) checks; 
(b) Annual (yearly) checks; and 
(c) Biennial (every two years) checks. 
(3) Item To Be Inspected. Lists the system, common name, or location of the item to be inspected. 


(4) Procedures. Provides instructions for servicing, inspection, lubrication, replacement, or 
adjustment and, in some cases, having item repaired at a higher level. 
NOTE 
Always do your preventive maintenance checks and services in the 
order prepared. Once it gets to be a habit, you will be able to spot 
anything wrong in a hurry. 
(5) Not Fully Mission Capable If. If vehicle meets criteria in this column, vehicle is Not Mission 
Capable (NMC). 
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Table 2-1. Unit Leva Preventive Maintenance Checks and Sevvics HMMWV. 


Ness INTERVAL | ITEM TO BE PROCEDURES NOT FULLY MISSION 
INSPECTED CAPABLE IF: 


Semi- 
annually | Ch 


Pre-Service 
ecks 


PRIOR TO ROAD TEST 


Ensure operator/crew has performed 
PMCS listed ir TM 9-2320-387-10. 
ROAD TEST 


Maintenance personnel will be with 
vehicle operator to assist in perform- 
ing PMCS checks and verify pre 
service checks. 


a. Notice if starter engages smoothly 
and turns the engine at normal 
cranking speed. 


b. Listen for unusual noise at idle, 
at operating speed, and under 
acceleration. Be alert for excessive 
vibration and the smell of oil, fuel, 
and exhaust. 


c. Check for transmission response to 
shifting and for smoothness of 
operation in all gear ranges. Be alert 
for unusual noises and difficulty in 
shifting in any speed range. 


NOTE 
If desired transfer case gear range 
cannot be selected, turn engine off, 
shift transmission to neutral or 
park, select transfer case range, and 
restart engine. 


d. Check for transfer response to 
shifting and for smoothness of 
operation in all gear ranges. Be 

alert for unusual noises and difficulty 
in shifting in any gear range. 


e. Test for response to accelerator 
feed. Observe for sticking pedal. 


f. With vehicle speed at approximately 
5 mph (8 kph), turn steering wheel to 
left, then right, to detect hard steering, 
steering backlash, or shimmy. Vehicle 
should respond instantly. With vehicle 
moving on straight, level terrain, lightly 
hold steering wheel to check for pull 
and wandering. 


g. Apply brake pedal with steady force. 
Vehicle should slow and stop without 
pulling to one side or jerking. Release 
brake pedal. The brakes should release 
immediately and without difficulty. 


a. Starter inoperative or 
makes excessive grinding 
sound. 


b. Engine knocks, rattles, 
or smokes excessively. 


c. Transmission shifts | 
improperly, does not shift, 
or makes excessive noises. 


d. Transfer jumps out of 
gear or makes excessive 
noises. 


e. Pedal sticking or 
binding. 


f. Steering binds, grabs, 
wanders, or has excessive 
free play. 


g. Brakes chatter, pull 
to one side, or 
inoperative. Brakes will 
not release. 
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Table2-1. Unit Leva Preventive Maintenance Checks and Services HMMWV (Cont'd). 


Nes, INTERVAL | ITEM TO BE PROCEDURES NOT FULLY MISSION 
INSPECTED CAPABLE IF: 


Semi- Pre-Service | h. Bring vehicle to full stop. Engage h. Parking brake 
annually | Checks parking brake while transmission is doesn't hold vehicle 
(Cont'd) still in Q (overdrive). Vehicle should stationary. 
remain stationary. 


I. Observe vehicle response to road 
shock. Side sway or continuous bouncing 
indicates a malfunction. 


AFTER ROAD TEST 


Semi- a. Make sure the vehicle has been 

annually cleaned of mud, gravel, etc., from the 
underbody, outside, and crew com- 
partment area. 


b. Thoroughly wash all underbody 
sheet metal panels and corners. 


NOTE 
Lubricate vehicle in accordance with 
lubrication tablel(page 2-29}. 


c. Inspect for loose rivets, cracks, loose or} c. Any body damage that 
missing bolts, and general body damage. | would hinder vehicle 
operation. 


Semi- Armor NOTE 
annually | (M1114) Gaps between vehicle armor panels 


that could allow penetration of a 
projectile or shrapnel could degrade 
armor system protection capabilities. 


Inspect for gaps between armor Any gap between armor 

components that could degrade armor | components that could 

system protection capabilities. allow penetration of a 
projectile or shrapnel. 
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Table 2-1. Unit Leva Preventive Maintenance Checks and Services HMMWV (Cont'd). 


Nes, INTERVAL | ITEM TO BE PROCEDURES NOT FULLY MISSION 
INSPECTED CAPABLE IF: 


Semi- 
annually 


Semi- 
annually 


Engine 
Accessory 
Drivebelt 


a. Inspect fuel filter/water separator 
assembly for dents and cracks that 
could cause leaks. 


b. Inspect fuel injection pump, nozzle 
lines, and fittings for leaks and 
damage. 


c. Inspect rear fuel injector nozzle 
rubber cap for presence and condition. 


FU kath 
SEPARATOR 


d. Inspect all fuel lines for loose 
connections, splits, cracks, and bends 
that could leak. 


e. Disconnect the leads from each 
glow plug and check 
for continuity between glow plug 
terminal and ground. Continuity 
should be present. 


f. Check each glow plug for looseness 
and damage. Tighten each plug to 
8-12 |b-ft (11-16 N-m). 


Check for missing, broken, cracked, 
or frayed serpentine drivebelt. 


a. Any class III fuel 
leak. 


b. Any class III leak. 
Any nozzle loose or 
damaged. 


c. Rubber cap missing 
or damaged. 


d. Any class III leak. 


e. Continuity is not 
present. 


f. Glow plugs are loose 
or damaged. 


Serpentine drivebelt 

is missing or broken. 

Belt fiber has more than 
one crack 1/8 in. (3.2 mm) 
in depth, or 50% of belt 
thickness, or has frays 
more than 2 in. 

(5 cm) long. 
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Table 2-1. Unit Levd Preventive Maintenance Checks and Services HMMWV (Cont'd). 


Aes INTERVAL | ITEM TO BE PROCEDURES NOT FULLY MISSION 
INSPECTED CAPABLE IF: 


Semi- Protective a. Inspect four bolts for security of a. Mounting not secure, 
annually | Control mounting. four bolts loose. 
Box 


b. Ensure cannon plugs are securely 
connected to box. 


[| \ < ss 


‘CANNON PLUG 


Semi- WARNING 


annually If vehicle has been operating, use 
extreme care to avoid being burned 
when removing cooling system 
radiator cap. Use heavy rags or gloves 
to protect hands. Turn radiator cap 
only one-half turn counterclockwise 
and allow pressure to be released 
before fully removing cap. 


NOTE 
¢ Coolant level is correct when 
coolant recovery tank is at the 


full mark (TM_9-2320-387-10 

¢ Use MIL-A-46153 in temperatures 
above 0°F (-18°C) and MIL-A- 
11755 in temperatures below 
O°F (-18°C). 


a. Check coolant condition. Test coolant} a. Coolant condition/ 
to see if draining is necessary testing shows draining 
(TB 750-651). is required. 


b. Inspect surge tank, radiator shroud, | b. Any class II! water 
power steering cooler, oil cooler, all leak. Hoses cracked 
hoses, quick-disconnects, and fittings or dry-rotted. 

for security of mounting, leaks, and 

deterioration. Inspect and clean as 

necessary the radiator and oil 

cooler cores. 
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Table 2-1. Unit Leva Preventive Maintenance Checks and Services HMMWV (Cont'd). 


Nes, INTERVAL | ITEM TO BE PROCEDURES NOT FULLY MISSION 
INSPECTED CAPABLE IF: 


Semi- Air-Intake 
annually | System _ WARNING _ 
If NBC exposure is suspected, all air 
filter media should be handled by 
personnel wearing protective equip- 
ment. Consult your unit NBC officer or 
NBC NCO for appropriate handling or 
disposal instructions. 
. Inspect and clean a ea ean 
al ement and housing (para. 3-13) 
b. Check CDR valve oil saturation. 
Disconnect CDR valve oil fill tube hose 
from CDR valve and inspect. Some oil 
accumulation in the CDR valve is 
acceptable. 
CAUTION 

Do not clean CDR valve with solvent. 
This will damage the diaphragm 
inside the CDR valve. Wiping with a 

rag is the only authorized method of 
cleaning. 

c. Remove and wipe off the CDR valve 
and hoses with a rag. 

iy 
a ‘a | , 
CDR VALVE 
TUBE HOSE 
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Table 2-1. Unit Leva Preventive Maintenance Checks and Services HMMWV (Cont'd). 


As, INTERVAL | ITEM TO BE PROCEDURES NOT FULLY MISSION 
INSPECTED CAPABLE IF: 


Semi- 200-Amp . Inspect alternator and voltage a. Mounting bolts 
annually | Alternator Palit for condition, proper missing or alternator 
installation, and security of mounting. | damaged. 


b. Inspect electrical wiring for b. Wiring frayed, broken, 
broken strands, frayed, cracked, or worn] or loose connections. 
insulation, and loose connections. 


c. Check pulley for damage. c. Pulley damaged or 
pulley nut is loose. 


d. Check alternator mounting bolts d. Any alternator 
for security of mounting. Tighten mounting bolt is loose. 
bolts to 40 Ib-ft (54 N-m). 


Semi- Accelerator | Inspect for bends, excessive play, cracks,] Linkage damaged, bent, 
annually | Linkage and damage that could cause failure. or cracked. 


Semi- Suspension NOTE . 
annually | and Steering] !f access to lower ball joint locknut is 


System a problem, remove geared hub from 
y ened a ee 


phere Remove wheel and tire assembly a. Capscrews or locknuts 
. Check front and rear are finger or hand 

eae bail joint mounting. Tighten turnable. 

lower ball joint to lower control arm 

locknuts to 60-65 Ib-ft (81-88 N-m). 

Tighten ball joint slotted nut to 

73 |b-ft (99 N-m) and ensure cotter 

pin is present. 


b. Check front and rear upper ball joint} b. Capscrews or locknuts 
mounting. Tighten upper ball joint to are finger or hand 

upper control arm locknuts to turnable. 

26-30 Ib-ft (35-41 N-m). Tighten upper 

control arm-to-bracket locknuts to 

260 I|b-ft (353 N-m). Tighten ball joint 

slotted nut to 73 Ib-ft (99 N-m) and 

ensure cotter pin is present. 


NOTE 
Do not overlubricate ball joints; one or 
two shots is adequate. 


c. Lubricate front and rear upper and 
lower ball joints with GAA. 
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Table 2-1. Unit Level Preventive Maintenance Checks and Services HMMWV (Cont'd). 


Aes INTERVAL | ITEM TO BE PROCEDURES NOT FULLY MISSION 
INSPECTED CAPABLE IF: 


Semi- Suspension NOTE 
annually | and Steering} Do not lubricate shock absorber 
System bushings, radius rod bushings, 
(Cont'd) stabilizer bar bushing, or suspension 
arm pivot bushing. 
d. Inspect control arms, control arm d. Control arm bent, 
bushings, springs, shock absorbers, bushing worn, or obvious 
and bracket for damage. damage that would 


hinder operation. 


SHOCK ABSORBER 


BALL JOINT 


. CONTROL ARM BUSHING 


e. Inspect steering column U-joints, e. U-joints, tie rods, 
tie rods or radius rods, pitman arm, pitman arm, or idler arm 
center link, and idler arm for breaks, are worn or cracked. 

cracks, and wear. 


gat 
PITMAN ARM = 


IDLER ARM 


f. Inspect steering gear for mounting f. Any mounting bolt 
security. Tighten mounting bolts to missing or unserviceable. 
60 lb-ft (81 Nem). 
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ITEM 
NO. 
10 


Table 2-1. Unit Level Preventive Maintenance Checks and Services HMMWV (Cont'd). | 


INTERVAL | ITEM TO BE PROCEDURES NOT FULLY MISSION 
INSPECTED APABLE IF: 


C 
Semi- Suspension | g. Inspect power steering pump, power | g. Any class III leak. 
annually | and Steering| steering gear, hydraulic control valve, Any component damaged. 
System hoses, lines, and fittings for leaks or 
(Cont'd) damage. 


Brake 
System 


Semi- 


a. Inspect master cylinder, hydro-booster, | a. Any leak. Plugged, 
annually 


proportioning valve, pressure limiter, broken, or damaged 
lines, and fittings for leaks and damage. | lines and fittings. 


MASTER CYLINDER 
| 


HYDRO-BOOSTER 
CAUTION 


e Use MIL-B-46176, Brake Fluid 
Silicone (BFS) for filling master 
brake cylinder. Failure to use BFS 
may cause damage to brake 
cylinder. 

e Thoroughly clean exterior of 
master cylinder cover before 
removing cover. Dirt, water, or 
grease will contaminate brake 
fluid, causing brake system 
damage. 

¢ Do not use screwdriver to remove 
cover. Damage to bail wire may 
result. 

¢ To prevent excessive fluid spillage, 
ensure that rubber diaphragm is 
completely seated before installing 
cover to master cylinder. 


NOTE 


Remove cover from brake master 
cylinder by moving bail wire using 
thumb pressure only. 
b. Check master brake cylinder fluid 
level. Level should be 1/8 in. (3.2 mm) 


from top of master cylinder reservoir. 
Fill with BFS as necessary. 


b. Level below 1/8 in. 
(3.2 mm) from top of 
master cylinder reservoir. 
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Table 2-1. Unit Leva Preventive Maintenance Checks and Services HMMWV (Cont'd). 


Nes, INTERVAL | ITEM TO BE PROCEDURES NOT FULLY MISSION 
INSPECTED CAPABLE IF: 


Semi- Brake c. Inspect service brake pads and c. Service brake pads less 
annually | System service proke rotors for wear than 1/8-in. (3.2 mm). 
(Cont'd) Service brake rotors less 

than 13/16-in. (20.7 mm). 

c.1. |nspect brake calipers for fluid c.1. Any leaks. 

leaks. 

| 
SERVICE 
BRAKE PAD BRAKE 
, CALIPER 
\e \ 

d. Inspect rear dual service/parking d. Brake pads less than 

brake pads and rotors for wear 1/8-in. (3.2 mm). 

(para. 7-14). Service brake rotors less 
than 13/16 in. (20.7 mm). 

SN 
© 
— 
‘ ow 
: \ S W) 
Ye \ tp) \ 
SERVICE/PARKING a 
BRAKE PAD 
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ITEM 
NO. 
11 


Table 2-1. Unit Level Preventive Maintenance Checks and Services HMMWV (Cont'd). 


INTERVAL | ITEM TO BE PROCEDURES NOT FULLY MISSION 
rea INSPECTED CAPABLE IF: 


Semi- Brake e. Inspect parking brake cable, cable e. Parking brake binding, 
annually | System clip, lever, spring, and pushrod/guide or cable frayed or broken. 
(Cont'd) pin for binding and loose components. Spring or cable clip 
missing. 


PARKING 
BRAKE 
CABLE 


f. Inspect left and right parking/service 
brake assembly mounted between rear 
axle halfshafts and rear differential. 
Lubricate parking brake lever with 
grease (Appendix C, Item 32). Parking/ 
service brake assembly needs no 
lubrication. 


g. Inspect rear parking brake cables for 
damage and/or chaffing in the area of 
the control arm. If cables are damaged, 


replace cables|(paras. 7-16 and 7-17). 


a. Inspect engine mounts and insvu- 
lators for cracks, loose, worn, or 
damaged condition. 


g. Parking brake binding, 
or cable frayed or broken. 


Semi- 


a. Engine mounts or 
annually 


insulators cracked, 
damaged, loose, or worn. 


b. Check for loose or missing engine 
mount capscrews and locknuts. If 
engine mount capscrews or locknuts are 
loose or missing, notify DS maintenance. 
(Refer to para. 15-3). 


b. Capscrews or locknuts 
loose or missing. 


INSULATOR 


\” Fe 

} . <7 
: Fi {} Qt, 
i aw 


G ip 
Os # 


AN 


ee 


MO =o " 
Mii ENGINE MOUNT 
LOCKNUT 
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Table 2-1. Unit Level Preventive Maintenance Checks and Services HMMWV (Cont'd). 


ta: INTERVAL ties TO BE PROCEDURES NOT FULLY MISSION 


Semi- Engine and | c. Using 3/4-in. torque adapter c. Transmission mount 
annually | Transmission] (appendix B, item 134), loose, cracked, or 
Mounts tighten two capscrews securing damaged. 
(Cont’d) transmission mount-to-adapter to 


65 lb-ft (88 Nem). Tighten two locknuts 
securing transmission mount-to- 
crossmember to 28 lb-ft (38 N-m). 


AN 


ADAPTER ~~ 


CROSSMEMBER 


Semi- 


Starter CAUTION 
annually sag teat 


Disconnect negative cable. 


a. Inspect starter for mounting a. Mounting bolt 
security. Tighten mounting bolts to missing or will not 
40 lb-ft (54 Nem). torque. 


b. Inspect cables and studs for loose b. Stud nut loose. 
nuts and damage. 


Semi- Transmission 


annually 


a. Inspect vent lines and connectors a. Vent line cracked, 
for security, cracks, and deterioration. | plugged, or missing. 


b. Inspect transmission shift linkage b. Shift linkage is 
for bends, excessive play, cracks, and unserviceable. 
damage that could cause failure. 


Semi- 
annually 


a. Inspect transfer case vent lines and | a. Vent line cracked, 
Case connectors for security, cracks, and plugged, or missing. 
deterioration. 


b. Inspect transfer case shift linkage b. Shift linkage is 
for bends, excessive play, cracks, and unserviceable. 
damage that could cause failure. 
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Table 2-1. Unit Level Preventive Maintenance Checks and Services HMMWV (Cont'd). 


ITEM INTERVAL | ITEM TO BE PROCEDURES NOT FULLY MISSION 
NO. INSPECTED CAPABLE IF: : 


Transfer CAUTION 


on Use Dexron® III for filling transfer 
case. Failure to use Dexron® III may 
cause damage to transfer case. 


c. Check transfer case fluid level every 
3,000 mi (4,800 km) or semiannually, 
whichever occurs first. Remove fill plug 
and gasket. Level should be within 1/2 in. 
(12.7 mm) of fill plug opening when 

vehicle is on level ground. Install fill plug 
and gasket, and tighten to 35 lb-ft (47 N-m). 


AU Sees 


TRANSFER CASE TRANSFER CASE 
DRAIN PLUG CHECK AND FILL PLUG © 


NOTE 
Do not overtorque retaining nuts. 


d. Inspect oil cooler lines for leaks. Check |d. Any class III oil 
for loose oil cooler line nuts. If loose, hold 

oil cooler line stationary and, using a 

pound-inch torque wrench, tighten line 

nuts to 192-216 Ib-in. (22-24 N-m). 


\ 
OIL COOLER 
LINE NUT 
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Table 2-1. Unit Level Preventive Maintenance Checks and Services HMMWV (Cont'd). 


ITEM INTERVAL | ITEM TO BE PROCEDURES NOT FULLY MISSION 
NO. INSPECTED CAPABLE IF: 


Driveline NOTE 
Components Fill each geared hub with 1 pt 
(0.5 L) of GO. 


a. Inspect geared hub vent lines and a. Hub vent lines 
connectors for security, cracks, and cracked, plugged, or 
deterioration. missing. 


b. Inspect geared hub for leaking b. Class III leaks or 
seals and damage. damage. 


c. Adjust spindle bearing (para. 6-12).| |c. Bearing damaged. 


NOTE 
Fill each axle differential with 
2 qt (1.9 L) of GO. 


d. Change differential lubricant every |d. Lube level not within 
3,000 mi (4,830 km), when retuired by | 1/4 in. (6.4 mm) of fill 
maintenance repair action or when plug opening when cold 
contaminated by water or foreign or to plug level when hot. 
material. Remove fill plug. Level should 

be within 1/4 in. (6.4 mm) of fill plug 

opening when lubricant is cold, or to 

plug level when hot. Install fill plug, 

and tighten to 35 lb-ft (47 N-m). 


e. Inspect differential vent lines and e. Differential vent line 
connectors for security, cracks, and has hole, plugged, or 
deterioration. cracked. 


f. Inspect differentials for leaking f. Class III leak. 
seals and cracks. 


DIFFERENTIAL 
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Table 2-1. Unit Level Preventive Maintenance Checks and Services HAMWYV (Cont'd). 


ITEM | INTERVAL | ITEM TO BE PROCEDURES NOT FULLY MISSION 
NO. INSPECTED CAPABLE IF: 


16 Semi- Driveline g. Inspect U-joints for damage, free 
annually | Components} play, and missing or unserviceable 
(Cont'd) lubrication fittings. 
h. Tighten front prop shaft mounting 
capscrews to 13-18 lb-ft (18-24 Nem) 
and center support capscrews to 60 lb-ft 
(81 N-m). Tighten rear prop shaft cap- 
screws to 30-35 lb-ft (41-47 Nem) and 
tighten front U-bolt nuts to 13-18 lb-ft 
(18-24 Nem). 
U-JOINT 
; LUBRICATION 
FRONT PROPELLER SHAFT 
UNIVERSAL AND SLIP JOINTS 
UVJOINT 
LUBRICATION 
REAR PROPELLER SHAFT 
UNIVERSAL AND SLIP JOINTS 
i. Tighten halfshaft mounting bolts to 
48 lb-ft (65 N-m). 


2-18 


g. U-joint is damaged, 
unserviceable, or missing 
lubrication fitting. 


h. Loose, missing, or 
broken capscrews. 


i. Loose, missing, or 


broken bolts. 
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Table2-1. Unit Leva Preventive Maintenance Checks and Services HMMWV (Cont'd). 


Mes INTERVAL | ITEM TO BE PROCEDURES NOT FULLY MISSION 
INSPECTED CAPABLE IF: 


Semi- 
annually 


Semi- 
annually 


Semi- 
annually 


Exhaust 
Components 


Frame, 
Support 
Braces 
and 
Cross- 
members 


Inspect for cracked and loose pipes, Cracked, loose, or holes in 
muffler, and hangers. Check for pipes or muffler. Exhaust 
exhaust leaks. leak. 


a. Inspect frame side rails for cracks, | a. Any loose or missing 
breaks, bends, wear, deterioration, fasteners. Cracks, bends, 
and missing or loose fasteners. or breaks in frame. 


b. Inspect support braces and b. Any loose or missing 
crossmembers for cracks, fasteners. Cracks, bends, 
breaks, bends, deterioration, and or breaks in crossmembers 
loose or missing fasteners. or support braces. 


WARNING 


Changing tire pressures or wheel 
alignment out of the recommended 
specification may adversely affect 
the vehicle’s handling 
characteristics. Loss of vehicle 
control may result, causing serious 
injury or death to personnel and 
damage to equipment. 


NOTE 
Vehicle must be up on jack stands 
for the following checks. 


a. Check tread depth of tires with tire | a. Tread depth is less 
gauge. If tread depth is less than than 1/16 in. (1.59 mm). 
1/16 in.(1.59 mm), replace tire. Radial 

tires will take approximately 1,300 mileg 

(2,092 km) to wear 1/32 in. (0.79 mm). 

If mission will require the vehicle to 

travel this distance within a month, 

replace tire if it measures 3/32 in. 

(2.38 mm). 
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Table 2-1. Unit Level Preventive Maintenance Checks and Services HMMWV (Cont'd). 


ITEM INTERVAL | ITEM TO BE PROCEDURES NOT FULLY MISSION 
NO. INSPECTED CAPABLE IF: 


19 Semi- Tires b. Inspect tires for uneven wear and b. Tires exhibit excessive 
annually | (Cont'd) balance (para. 8-8). For normal wear, or uneven wear or 
rotate tires as shown in rotation balance. 
diagram. The vehicle’s wheel alignment 
is optimally designed for GVW 
operation. Operating the vehicle without 
a load can cause excessive wear on the 
outer edge of the tread pattern. If this 
pattern develops, turn tires around 
on the rims ae} 
c. Rotate tires as diagram shows. 
ROTATION DIAGRAM 

GE - 

ee aa <BR 
= el Bs 

—_ : 

1 | ll SN | 

i? WYN 
d. Tighten wheel lug nuts to 90-110 Ib-ft | d. Any broken studs, 
(122-149 Nem) in tightening sequence | loose or missing lug nuts. 
shown. 
TIGHTENING SEQUENCE 
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Table 2-1. Unit Level Preventive Maintenance Checks and Services HMMWV (Cont'd). 


ITEM | INTERVAL | ITEM TO BE PROCEDURES NOT FULLY MISSION 
NO. INSPECTED CAPABLE IF: 


19 Semi- Tires e. Check for loose, missing, or broken | e. Any loose, missing, 
annually | (Cont’d) wheel studs and locknuts. or broken wheel 
stud and locknuts. 
CAUTION 
Prior to checking torque, the tire 
, assembly must be deflated. 
(1) Release air pressure from tire 
(para. 8-4), 
CAUTION 
Tighten locknuts gradually to avoid 
bent and broken studs, or damage to 
wheel components will result. 
(2) Tighten locknuts to 85 lb-ft 
(115 N-m) in sequence shown; 
repeat torque sequence at 125 lb-ft 
(170 Nem). 
(3) Inflate tire to recommended tire 
pressure (TM 9-2320-387-10). 
TIGHTENING SEQUENCE 
NOTE 
If vehicle is new and has been driven 
less than 3,000 mi (4,800 km), it is 
not necessary to align wheels unless 
abnormal handling is reported. 
f. Check alignment of front and rear f. Front or rear wheels 
wheels and 8-10). are out of alignment. 
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Table 2-1. Unit Level Preventive Maintenance Checks and Services HMMWV (Cont'd). 


New, INTERVAL | ITEM TO BE PROCEDURES NOT FULLY MISSION 
INSPECTED CAPABLE IF: 


Semi- Engine a. Inspect engine for leaks ordamage ja. Class III leaks. 
annually that could cause engine failure. Damage evident that 
would cause engine 
failure. 


b. Change oil and filter every 3,000 
mi (4,800 km) or semiannually, 
whichever occurs first (para 35). 
Inspect drainplug for metal particles. 


NOTE 


Replace oil filter each time crankcase 
is drained. Fill crankcase with 
8 qt (7.6 L) of engine oil. Crankcase 
capacity is 7 qt (6.6 L) and oil filter 
capacity is 1 qt (0.95 L). 


b. Metal particles are 
found on drainplug. 


OIL FILTER 


Semi- Batteries 


annually 


WARNING 


¢ Do not perform battery system 
checks or inspections while smoking 
or near fire, flames, or sparks. 
Batteries may explode causing 
damage to vehicle, and injury or 
death to personnel. 


¢ Remove all jewelry such as rings, 
dog tags, bracelets, etc. If jewelry or 
disconnected battery ground cable 
contacts battery terminal, a direct 
short will result, causing injury to 
personnel or damage to equipment. 


2-22 


TM 9-2320-387-24-1 


Table 2-1. Unit Leva Preventive Maintenance Checks and Services HMMWV (Cont'd). 


Lee INTERVAL | ITEM TO BE PROCEDURES NOT FULLY MISSION 
INSPECTED CAPABLE IF: 


Semi- Batteries NOTE 


ann ays | oak! Refer to TM 9-6140-200-14 for more 
specific details on battery maintenance. 


a. Inspect battery box for corrosion and | a. Corrosion has made 
debris. holes in metal battery 
box. 


b. Clean slave receptacle and coat b. Terminals corroded. 
with corrosion-resistant compound 
(appendix C, item 61). 


NOTE 


Add 4 points (.004) to specific gravity 
reading for every 10° above 80°F . 


c. Check and record specific gravity c. Cell is below 1.225 
of each cell. specific gravity. 


d. Inspect battery cables for frays, d. Cables frayed, split, 
splits, or looseness. or loose. 


SPECIAL PURPOSE BODIES 


Semi- Doors Inspect door latches/strikes for proper | Doors do not seal against 
annually adjustment (para. 11-9). body. 


Semi- Cargo Shell | Check adjustment of cargo shell door 
annually | Door (para. 11-15). 


Semi- Rear Cargo | Check rear cargo door for proper 
annually | Door operation. Rotate gas springs (para. 11-23) 
180° every six months and move left 
spring to right side and right spring 
to left side. 


Semi- Weapon a. Ensure brushes are present andare |a. Brushes are missing 
annually | Station not curled upward. or curled upward more 
Turret than 1/4 inch (6.34 mm). 


b. Inspect turret brake for cracked b. Turret brakeis 
mounting bracket welds and for correct | misaligned or mounting 
adjustment (para. 11-55). bracket welds cracked. 


c. Inspect for damage or bending of stop | c. Stop rings notches will 
ring notches at 0 degrees, 90 degrees, not stop at required 

180 degrees, and 270 degrees position. 

stop positions. 
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Table2-1. Unit Leva Preventive Maintenance Checks and Services HMMWV (Cont'd). 


Ness INTERVAL | ITEM TO BE PROCEDURES NOT FULLY MISSION 
INSPECTED CAPABLE IF: 


SPECIAL PURPOSE KITS 


Semi- Vehicular a. Inspect arctic heater fuel line for loose} a. Any class III leak, 
annually | Heater connections, splits, cracks, and bends. loose connections, splits, 
Components cracks, and bends. 


b. Inspect coolant hoses for leaks b. Any class III leaks. 
and deterioration. Hoses cracked or dry- 
rotted. 


c. Inspect electrical wires for frays, c. Wires frayed, split, or 
splits, or looseness. loose. 


d. Inspect intake and exhaust d. Any exhaust extension 
extensions for proper installation, leak. 
cracked and loose pipes. 


NOTE 
If annual/biennial service is being 
performed, then final road test will be 
completed after last annual/biennial task 
is complete. 


Semi- Final Road | Check vehicle for proper operation Vehicle fails to operate 
annually | Test and performance. properly. 


Annually | Fuel Replace filter element every 6,000 
System mi (9,600 km) or annually, whichever 


occurs first. Replace water separator 
element if unserviceable|(para. 3-34). 


FILTER 
ELEMENT 
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Table 2-1. Unit Leva Preventive Maintenance Checks and Services HMMWV (Cont'd). 


ITEM | INTERVAL | ITEM TO BE PRO NOT FULLY MISSION 
NO. INSPECTED CAPABLE IF: 
27 


CEDURES 
Annually | Air-Intake | Test CDR valvd (para. 3-9). CDR fails water 
System manometer vacuum test. 


Inspect all wiring and wiring harnesses | Broken, frayed, split 


28 Annually | Electrical 
wires or harness. 


Wiring for frays, splits, missing insulation, or 
poor condition. 


Biennially |Transmission 
” CAUTION 
Use Dexron® III for filling trans- 
mission. Failure to do so may cause 
damage to transmission. 


NOTE 
Replace transmission oil filter each 
time transmission is drained. Fill 
transmission with 7.7 gt (7.3 L) of 
Dexron® III. 


Change fluid every 12,000 mi Metal particles are found. 
(19,300 km) or biennially, whichever 

occurs first (para. 5-2). Inspect 

transmission drainplug for metal 


particles. 


Va DIPSTICK 
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Table 2-1. Unit Level Preventive Maintenance Checks and Services HMMWV (Cont’d). 


Mey INTERVAL | ITEM TO BE PROCEDURES NOT FULLY MISSION 
INSPECTED CAPABLE IF: 


Biennially Aiea CAUTION 
Case e If water or metal particles are 
detected during transfer case 
draining, notify DS maintenance 
before refilling transfer case. 
¢ Use Dexron® III for filling transfer 
case. Failure to do so may cause 
damage to transfer case. 
NOTE 
Fill transfer case with 3.35 qt 
(3.17 L) of Dexron® III. 
Change fluid every 12,000 mi Metal particles are 
(19,300 km) or biennially, whichever found. 
occurs first. Inspect drainplug for 
metal particles. Install drainplug 
and tighten to 35 lb-ft (47 N-m). 
Install fill plug and gasket, and 
tighten to 35 lb-ft (47 Nem). 
/ Z . 
bo a : eo ". 
SK 
™ > \ N aww > 
aia TRANSFER CASE 
CHECK AND FILL PLUG 
TRANSFER CASE 
DRAINPLUG 
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SEMIANNUAL (3,000 MILE) PMCS PARTS LIST 


MS51943-31 5310-00-061-4650 Locknut 
MS21245-L10 5310-00-449-2381 Locknut 
MS35756-8 5315-00-616-5526 Woodruff Key 
‘MS24665-355 5315-00-012-0123 Cotter Pin 
MS51943-43 5310-00-061-4651 Locknut 


MS51943-35 5310-00-935-9021 Locknut 

MS51943-39 5310-00-488-3889 Locknut 

MS51967-18 5310-00-763-8919 Locknut 

MS35338-45 5310-00-407-9566 Lockwasher 

PH13 2940-00-082-6034 Engine Oil Filter 

5593033 5310-01-252-2999 Nut and Lockwasher Assy 


mR KF NH WN Lf KK HF FS ee 


ANNUAL (6,000 MILE) PMCS PARTS LIST 


NOMENCLATURE 


MS51943-31 5310-00-061-4650 Locknut 

MS21245-L10 5310-00-449-2381 Locknut 

MS35756-8 5315-00-616-5526 Woodruff Key 
MS24665-355 5315-00-012-0123 Cotter Pin 

MS51943-43 5310-00-061-4651 Locknut 

MS51943-35 5310-00-935-9021 Locknut 

MS51943-39 5310-00-488-3889 Locknut 

MS51967-18 5310-00-763-8919 Locknut 

MS35338-45 5310-00-407-9566 Lockwasher 

PH13 2940-00-082-6034 Engine Oil Filter 

5593033 5310-01-252-2999 Nut and Lockwasher Assy 
SA910044 4330-01-190-3579 Fuel/Water Filter Element Kit 


Re Bee ee hu eee ee oe 


ee ae 
or 


1 
4 
1 
i 
1 
1 
4 
2 
2 
1 
4 
1 


2-27 


TM 9-2320-387-24-1 


BIENNIALLY (12,000 MILE) PMCS PARTS LIST 


MS51943-31 5310-00-061-4650 Locknut 

MS21245-L10 5310-00-449-2381 Locknut 

MS35756-8 5315-00-616-5526 Woodruff K ey 

MS24665-355 5315-00-012-0123 Cotter Pin 

MS51943-43 5310-00-061-4651 Locknut 

MS51943-35 5310-00-935-9021 Locknut 

MS51943-39 5310-00-488-3889 Locknut 

MS51967-18 5310-00-763-8919 Locknut 

MS35338-45 5310-00-407-9566 Lockwasher 

PH13 2940-00-082-6034 Engine Oil Filter 

5593033 5310-01-252-2999 Nut and Lockwasher Assy 
SA910044 4330-01-190-3579 F uel/Water Filter Element Kit 
12354864 4330-01-438-3813 Fluid Transmission Parts Kit 


SO Gas se OT eee Gs IE 


a 
NF © 


1 
4 
1 
1 
1 
1 
4 
2 
2 
1 
4 
1 
1 


py 
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LUBRICATION TABLE 
EXPECTED 
| use FLUID/LUBRICANT CAPACITIES TEMPERATURE 
Engine Oil OE/HDO 30* Crankcase: Above +15°F (-9°C) 


(MIL-L-2104) OE/HDO 10*** w/o filter 7 qt (6.6 L) +40° to -15°F (+4° to -26°C) 
(MIL-L-46167) OEA** w/filter 8 qt (7.6 L) +40° to -65°F (+4° to -54°C) 
Dry System 10 qt (9.5 L) 


(inc. oil cooler) 


Radiator: 5 qt (4.7 L) 
Complete System: 26 qt (24.6 L) 


Engine 
Coolant 


Ethylene Glycol 
and Water 


V/4 Ethylene Glycol/ +15°F (-9°C) and above 
3/4 Water 

2/5 Ethylene Glycol/ +40° to -15°F (+4° to -26°C) 
3/5 Water 

3/5 Ethylene Glycol/ +40° to -65°F (+4° to -54°C) 


2/5 Water 
Fluid Silicone BFS 


Brake System 


Master Cylinder: 

1.12 pt (0.53 L) 
Complete System: 
1.63 pt (0.78 L) 


Dry: 13.5 qt (12.8 L) 
Drain & Refill 7.7 qt (7.3 L) 


OEA 
Transfer Dexron® III 3.35 qt (3.17 L) 
Case 
Steering System | Dexron® III 1 qt (0.95 L) 

w/ cooler 1.25 qt (1.18 L) 

Geared Hub (4) | Multipurpose Gear 1 pt ea ( 0.47 L) 

GO 80/90 
Axles (2) Multipurpose Gear 2 qt ea (1.9 L) 


Ball Joints, 

Tie Rod Ends, 

Pitman Arm, As Required 

Idler Arm, 

alae Shafts, 

a Cables, 

fester” [onnpo | asneyiea | Memos 


*OE/HDO 15/40 (Grade 15W-40) lubricant may be used when expected temperatures are above +5°F (-15°C). 
**If OEA lubricant is required to meet the temperature ranges listed in the table, then the OEA lubricant is 
to be used in place of OE/HDO 10 lubricant for all temperature ranges. 
***If operating conditions are severe or abnormal, service chassis lubrication points at 1,000 mi. (1,600 km). 


All Temperatures 


Transmission Dexron® III 


All Temperatures 


All Temperatures 


All Temperatures 


All Temperatures 


All Temperatures 
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Section IV. GENERAL MAINTENANCE INSTRUCTIONS 


2-13. GENERAL MAINTENANCE INSTRUCTIONS TASK SUMMARY 


TASK PAGE 
PARA. PROCEDURES NO. 
[2-14] Cleaning 2-30 
[2-15] Inspection 2-31 
Repair [2-32] 


Assembly 2-33 


[2-17] 
2-14. CLEANING 


a. General Instructions. Cleaning procedures will be the same for the majority of parts and 
components which make up the vehicle subassemblies. General cleaning procedures are detailed in steps b 
through h. 


b. The Importance of Cleaning. Great care and effort are required in all cleaning operations. The 
presence of dirt and foreign material is a constant threat to satisfactory vehicle operation and maintenance. 
The following will apply to all cleaning operations: 


(1) Hands must be kept free of any accumulation of grease which can collect dust and grit. 
(2) Clean all parts before inspection, after repair, and before assembly. 


(3) After cleaning, all parts must be covered or wrapped in plastic or paper to protect them from dust 
and/or dirt. 


c. Disassembled Parts Cleaning. Place all disassembled parts in wire baskets for cleaning. 
(1) Dry and cover all cleaned parts. 
(2) Place on or in racks and hold for inspection or repair. 
(3) All parts subject to rusting must be lightly oiled and wrapped. 
(4) Keep all related parts and components together. Do not mix parts. 


WARNING 


Improper cleaning methods and use of unauthorized cleaning 
solutions may injure personnel and damage equipment. Refer to 
TM 9-247 for correct information. 


d. Castings. 


(1) Clean inner and outer surfaces of castings and all areas subject to grease and oil with cleaning 
solvents. Refer to TM 9-247. 


(2) Use a stiff brush to remove sludge and gum deposits. 
WARNING 


Compressed air used for cleaning purposes will not exceed 30 psi 
(207 kPa). Use only with effective chip guarding and personal 
protective equipment (goggles/shield, gloves, etc.). 


(3) Use compressed air to blow out all tapped capscrew holes and dry castings after cleaning. 
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2-14, CLEANING (Cont'd) 


e. Oil Passages. Particular attention must be given to all oil passages in castings and machined parts. 
Oil passages must be clean and free of any obstructions. 
(1) Clean passages with wire probes to break up any sludge or gum deposits. 
(2) Wash passages by flushing with solvents. Refer to TM 9-247. 


(3) Dry passages with compressed air. 
CAUTION 
Do not allow solvents to come in contact with seals, cables, or flexible 


hoses. These cleaners cause leather, rubber, and synthetic materials 
to dry out, rot, and lose pliability, making them unserviceable. 


f. Nonmetallic Parts. Clean hoses and other nonmetallic parts with soap and water. 
g. Bearings. 
WARNING 
Do not use compressed air to dry bearings. Spinning a dry bearing 
with compressed air may cause injury to personnel or damage to 
equipment. 

(1) Bearings require special cleaning. After removing surface oil and gum deposits, place bearings in 
hot oil, 140°F (60°C), to loosen congealed oil and grease. Wipe bearings dry with a lint-free cloth; do not use 
compressed air. 

(2) See TM 9-214 for information and care of bearings. 

h. Electrical Components 


(1) Clean electrical components with clean cloth dampened with drycleaning solvent. Care must be 
taken not to damage protective insulation. 


WARNING 


Compressed air used for cleaning purposes will not exceed 30 psi 
(207 kPa). Use only with effective chip guarding and personal 
protective equipment (goggles/shield, gloves, etc.). 


(2) Use compressed air to dry electrical components. 


2-15. INSPECTION 


a. General Instructions. Procedures for inspections will be the same for many parts and components 
which make up the vehicle subassemblies. General procedures are detailed in steps b through k. Dimensional 
standards for parts have been fixed at extremely close tolerances, so use specification tables. Use specified 
inspection equipment for inspection where cracks and other damage cannot be spotted visually. Exercise extreme 
care in all phases of inspection. Repair or replace all unserviceable components (para. 2-16). 


b. Castings. 


(1) Inspect all ferrous and nonferrous castings for cracks. See MIL-STD-6866, Inspection, Penetrant 
Methods. Particularly check areas around studs, pipe plugs, threaded inserts, and sharp corners. Replace 
cracked castings. 


(2) Inspect machined surfaces for nicks, burrs, and raised metal. Mark damaged areas for repair or 
replacement. 


(3) Inspect all pipe plugs, pipe plug openings, capscrews, and capscrew openings for damage and 
stripped threads. Replace if damaged or threads are stripped. 


(4) Check all gasket mating surfaces, flanges on housings, and supports for warpage with a straight- 
edge or surface plate. Inspect mating flanges for discolorations which may indicate leakage. Replace if warped. 


(5) Check all castings for conformance to applicable repair standards. 
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2-15. INSPECTION (Cont'd) 


c. Bearings. Check all bearings for conformance to applicable repair standards. Refer to TM 9-214. 
d. Bushings and Bushing-Type Bearings. 
(1) Check all bushings and bushing-type bearings for secure fit, evidence of heating, wear, burrs, 
nicks, and out-of-round condition. 
(2) Check for dirt in lubrication holes or grooves. Holes and grooves must be clean and free from 
damage. 
e. Machined Parts. 
(1) Check machined parts for cracks, distortion, and damage. 
(2) Check all surfaces for nicks, burrs, and raised metal. 
f. Studs, Bolts, Capscrews, and Nuts. Replace if bent, loose, stretched, or threads are damaged. 


g. Gears. 
NOTE 


When gear teeth wear limits are not established, good judgment is 
required to determine if gear replacement is necessary. 


(1) Inspect all gears for cracks and missing teeth. Replace if cracked or teeth are missing. 
(2) Inspect gear teeth for wear, sharp fins, burrs, and galled or pitted surfaces. 
(3) Inspect splines for wear, burrs, and galled or pitted surfaces. 
(4) Check keyway slots for wear and/or damage. 
h. Oil Seals. Oil seals are mandatory replacement items. 
i. Casting Plugs. Inspect for leakage. Replace plugs when leakage is present. 
j. Springs. Inspect for damaged, distorted, and collapsed coils. 


k. Snaprings, Retaining Rings, and Washers. Many of these parts are mandatory replacement 
items. Inspect ali others for obvious damage. 


2-16. REPAIR 


a. General Instructions. Repair of most parts and components is limited to general procedures 
outlined in applicable maintenance instructions and the following detailed procedures b through g. 


CAUTION 


Repaired items must be thoroughly cleaned to remove metal chips 
and abrasives to prevent them from entering working parts of 
vehicle components. 


b. Castings. 
(1) All cracked castings will be replaced. 


(2) Only minor repairs to machined surfaces, flanges, and gasket mating surfaces are permitted. 
Remove minor nicks, burrs, and/or scratches by: 


(a) Using fine mill file. 
(b) Using abrasive cloth dipped in cleaning solvent. 
(c) Lapping across a surface plate. 


(d) Remachining of machined surfaces to repair damage, warpage, or uneven surfaces is not 
permitted. Replace castings. 


(3) Repair damaged threaded pipe plug and/or capscrew holes with a thread tap, or repair oversize 
holes with threaded inserts. 
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2-16. REPAIR (Cont'd) 


c. Bearings. See TM 9-214. 


d. Studs. Replace all bent and stretched studs. Repair minor thread damage with a thread restorer file. 
Replace studs having stripped or damaged threads as outlined below: 


(1) Remove using a stud remover. Back studs out slowly to avoid heat buildup and seizure which can 
cause stud to break off. 


(2) If studs break off too short to use a stud remover, use extractor to remove. 


(3) Replacement studs have a special coating and must have a small amount of antiseize compound 
(appendix C, item 16) applied on threads before stud is installed. Install replacement stud slowly to prevent 
heat buildup and snapping off. 


e. Gears. 
(1) Remove gears using pullers, as required. 


(2) Use the same methods described in procedure b, step 2 for castings to remove minor nicks, burrs, 
or scratches on gear teeth. 


(3) If keyways are worn or enlarged, replace gear. 


f. Bushings and Bushing-Type Bearings. When bushings and bushing-type bearings seize to a shaft 
and spin in the bore, the associated part must also be inspected and replaced, as required. 


g. Oil Seals. 
(1) Remove oil seals being careful not to damage casting or adapter bore. 
(2) Always install new seal in bore using proper seal-replacing tool. 


2-17. ASSEMBLY 


a. Cleanliness is essential in all component assembly operations. Dirt and dust, even in minute 
quantities, are abrasive. Parts must be cleaned as specified, and kept clean. Wrap or cover parts and 
components when assembly procedures are not immediately completed. 


b. Coat all bearings and contact surfaces with operating oil (differential oil for differential parts, 
transmission oil for transmission parts, etc.) to ensure lubrication of parts during initial operation after 
repair. 


Section V. ELECTRICAL/MECHANICAL SYSTEMS TROUBLESHOOTING 


2-18. GENERAL 


a. This section provides information to diagnose and correct malfunctions of the electrical/mechanical 
system. 


b. Principles of operation showing system operation can be found in chapter }. It should be used as a 
reference when performing electrical/mechanical troubleshooting. 


c. Each malfunction symptom given for an individual component or system is followed by step(s) you 
should take to determine the cause and corrective action you must take to remedy the problem. 


d. Before taking any action to correct a possible malfunction, the following rules should be followed: 
(1) Question operator to obtain any information that might help determine the cause of the problem. 


(2) Never overlook the chance that the problem could be of simple origin. The problem could be 
corrected with minor adjustment. 


(3) Use all senses to observe and locate troubles. 
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2-18. GENERAL (Contd) 


(4) Use test instruments or gauges to help determine and isolate problem. 
(5) Always isolate the system where the malfunction occurs and then locate the defective component. 


(6) Use standard automotive theories and principles when troubleshooting the vehicles covered in this 
manual. 


e. The STE/ICE-R is an integral part of these troubleshooting procedures. It should be used whenever 
possible, although other options are given when available. The Vehicle Identification Number (VIN) 
assigned to the ECV vehicles is 21 (14 is the temporary VIN). On page 2-557, you will find information on 
STE/ICE-R description and operation. Use this information to become familiar with STE/ICE-R operation 
and the equipment contained in the test set. On page 2-537, you will find STE/ICE-R setup and internal 
checks. These must be performed prior to performing tests. 
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2-19. ELECTRICAL/MECHANICAL SYSTEMS TROUBLESHOOTING 


ELECTRICAL/ MECHANICAL TROUBLESHOOTING 


How to use this troubleshooting guide 

Glossary of abbreviations and commonly used terms 

Electrical circuit description 

Startability tests 

Engine running tests 

Cooling system tests 

Lubrication system tests 

Electrical tests 

Fuel system tests 

Air intake/exhaust tests 

Compression/mechanical tests 
Engine cooling tests | 2-159 
Engine lubrication tests 
Alternator tests 2-199 


Protective control box tests 2-213 


Battery circuit tests 2-237 
Starter circuit tests 2-247 
Glow plugs circuit tests 2-289 
Instruments tests [2-305] 
Lights tests — 
Transmission system tests 
Brake system tests 
Steering system tests 
Drivetrain tests 
Winch system tests 

DCA troubleshooting 

STE/ICE-R test procedures 

Vehicle testing 
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2-20. HOW TO USE THIS TROUBLESHOOTING GUIDE 


NOTE TO THE RECIPIENT OF THIS MANUAL 


There are 15 foldouts that are supplied with this manual. Take the foidouts 
and place them after the last page of diagnostics at the end of the 
paragraph. The foldout will then be with diagnostics for that system. Use 


the cross-reference information listed below to guide you in the placement 
of the foldouts. 


SYSTEM LEVEL TESTS PARAGRAPH FOLDOUT NUMBER 
FUEL [2-28 
AIR INTAKE/EXHAUST [FO-2 
COMPRESSION/MECHANICAL [2-30 [FO-3 
ENGINE COOLING [2-31 [FO-4 
ENGINE LUBRICATION [FO-5 
ALTERNATOR [2-34 [FO-4 
PROTECTIVE CONTROL BOX [2-34 

BATTERY CIRCUIT [2-35 [FO-7 
STARTER CIRCUIT [2-36 
GLOW PLUGS [2-37 [FO-9 
INSTRUMENTS [2-38 [FO-10 
LIGHTS [2-39 [FO-T1 
TRANSMISSION [2-40 

BRAKES 2-41 [FO-T2 
STEERING (2-42 [FO-13 
DRIVETRAIN [2-43 [FO-14 
WINCH SYSTEM [2-44 

DCA TROUBLESHOOTING [FO-15 
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2-20. HOW TO USE THIS TROUBLESHOOTING GUIDE (CONT'D) 


THERE ARE 5 TOP LEVEL TESTS. USE THESE FOR GENERAL SYMPTOMS 
(HARD TO START, RUNS ROUGH, ETC). 


THERE ARE 18 SYSTEM LEVEL TESTS. THESE ARE USED BY THE TOP 
LEVEL TESTS BUT YOU CAN GO 
STRAIGHT TO THEM IF YOU KNOW 
WHAT YOU'RE DOING. 


TROUB TING PAGES. THE LAYOUT IS SHOWN ON THE NEXT PAGE. 
THEY ARE SET UP SO THAT YOU DON'T READ 
ANY MORE THAN YOU HAVE TO. AFTER YOU 
HAVE FOUND THE FAULT, CORRECT IT AND 
MAKE SURE THE SYSTEM IS WORKING 
PROPERLY. CONTINUE IF THERE ARE 


ADDITIONAL PROBLEMS. 
TOP LEVEL TESTS PAGE 
STARTABILITY [2-45 
ENGINE RUNNING [2-51 
COOLING [2-61 
LUBRICATION 
ELECTRICAL [2:75 
SYSTEM LEVEL TESTS PAGE 
FUEL [2-59 
AIR INTAKE/EXHAUST [2-141] 
COMPRESSION/MECHANICAL —=—s[2-147 
ENGINE COOLING 
ENGINE LUBRICATION rock 
ALTERNATOR [2-199 
PROTECTIVE CONTROL BOX [2-213 
BATTERY CIRCUIT [2-237 
STARTER CIRCUIT [2-247 
GLOW PLUGS CIRCUIT [2-289 
INSTRUMENTS 
LIGHTS [2-379 
TRANSMISSION [2-389 
BRAKES [2-atg 
STEERING [2-433 
DRIVETRAIN [2-453 
WINCH [2-474 
DCA TROUBLESHOOTING [2-479 
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"2-20. HOW TO USE THIS TROUBLESHOOTING GUIDE (CONT'D) 


PAGE LAYOUT All diagnostic logic and flowcharts are on the left-hand page, 
with supporting information, help, test, instructions, and 
vehicle operation on the right. 


Notes, wamings, and cautions 


Question number, so you know about a particular question. 

where you are and where to go instructions for how to perform 
when entering or leaving a test a test or make a measurement, 
chain. Question to be answered. usually in a box. 


lz 


1S TWE ENGINE On PRESSURE =| * SH PEEDOVEN Covet 
68 PSI (27E-310 a8) AT 2 OVRACE 2 TERT Of ee P tad 
2.000 PPA AND THE EMCuNE 

wates? 


> meet SCE 8G ORE ce Oy we: 
RES ne Oe © pEUT Sot Ee 
wwe on 


2 Carey ® STLCE OTe oe Bo 


— 
PRO TRS See as oe 
Pires ae oo 


Known info and possible Reason for question: Test options: Multiple choice of 
problems with the system. This is to help by telling you why methods you can use to obtain 
it's being asked. This is especially the answer to the question. 


helpful when something's 
‘just a little bit bad' and you're 
not sure if it passed or failed. 


—————————_—_—_—_—_—_—_—_—— 


DIAGNOSTIC REFERENCE 
FLOWCHART INFORMATION 
HOW TO TROUBLESHOOT 
PICK THE TESTS: Select either a top level or a system level test. 


DIAGNOSTIC PROCEDURE: Just answer the questions on the left-hand page and 
follow the YES or NO path. Helpful information about 
the question is also on the right-hand page. If you 
aren't sure about a question or procedure, look on the 
right page for notes, instructions, and help. 
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2-20. HOW TO USE THIS TROUBLESHOOTING GUIDE (CONT'D) 


PAGE LAYOUT 


Diagnostic logic is on 
the left-hand page. 


DIAGNOSTIC LOGIC 7REFERENCE INFORMATION 


Related and helpful 
information is on the 
right-hand page. 


DIAGNOSTIC PROCEDURE 


Just answer the questions on the 
left-hand page. Follow the YES 
or NO path to the next step. 
Everything else on both pages 

is information to support the 
question. As a rule, the most 
important information (warnings, 
cautions, etc.) is closest to the 
question; less important 
information is farther away. 


(SYMBOL FOR A CAUTION 
OR WARNING) 


QUESTION TO BE ANSWERED 
OR ACTION TO BE TAKEN 


Is the symbol for a WARNING 
statement. If you see this 
symbo! above a question, look 
on the right-hand page for the 
text of the message. The 
WARNING message onthe right- =~ 
hand page will also have the 
symbol above it. 


NO GO 
DESTINATION 


ts the symbol for a CAUTION 
statement. if you see this 
symbol above a question, look 
on the right-hand page for the 
text of the message. The 
CAUTION message on the nght- 
hand page will also have the 
symbol above it. 


QUESTION TO BE ANSWERED 
OR ACTION TO BE TAKEN 
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2-20. HOW TO USE THIS TROUBLESHOOTING GUIDE (CONT'D) 


INFORMATION ABOUT THE 
QUESTION 


TEST OPTIONS: TEST OPTIONS 


This box lists at least one way of getting the answer 
to the question. When there is more than one way 
to get the answer, the different options will be 
given. Usually the easiest or best option is first. 


REASON FOR QUESTION 


REASON FOR 
QUESTION: 


If you know why the question is being asked, it 
should be easier to understand the diagnostic logic 
and easier to answer the question. This is 
especially helpful when a measurement is just a 
little bad. Knowing why the question is being asked 
should help you decide if the answer should be 
YES or NO. 


INFORMATION ABOUT THE 
DIAGNOSTIC LOGIC 


KNOWN INFO: 


KNOWN INFO 


POSSIBLE PROBLEMS 


This box indicates what is known about the vehicle's condition. 
As you follow a test chain, parts will be listed here after they have 
checked ok. Sometimes this box will indicate a fault that you 
know exists, such as a shorted or open circuit, or a component 
that doesn't work. DO NOT USE THIS BOX TO PICK A JUMP-IN 
POINT. ALWAYS RUN A COMPLETE CHAIN WHEN 
INSTRUCTED TO DO SO. . 


POSSIBLE PROBLEMS: 


This box is the opposite of KNOWN INFO. Possible causes of 
the problem are listed here until tested and shown to be ok. 
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2-20. HOW TO USE THIS TROUBLESHOOTING GUIDE (CONT'D) 


INFORMATION ABOUT THE 
QUESTION 


All wamings and cautions are given next to (or 
as close as possible to) the arrow pointing to 
the particular question. Look for the symbol 
that is in the box for the question in order to 


NOTES, WARNINGS, AND 
CAUTIONS ARE IN BOLDFACE 


locate the particular note. Helpful notes, test TYPE. 

procedures, or other information related to the 

question are provided here. These notes are Additional information, notes, 
provided as supporting information only; you and/or suggestions are in normal 
don't usually need them to answer the question. type SO as not to draw too much 
The more skilled you become, the less you'll attention. 


have to read these. 


Any cross references to other manuals will be 
located in this area. 


TEST PROCEDURES TYPE OF MEASUREMENT 
TYPE OF EQUIPMENT 


Procedure for performing the measurement using 
the type of equipment listed above. 


These are special notes about how to make measurements 
with the test equipment. Ocassionally, if space is limited ona 
page, the easiest procedure will be listed with a page 
reference for the other procedures if you would rather use 
them. The procedures presume a basic working knowledge 
of the equipment to be used, but references are included for 
the less experienced operator. 


PICTURES 


The pictures are supposed to make it easier to find 


what you're looking for, such as a pin in a connector PICTURES ARE PROVIDED WHEREVER 
or a particular wire or component. POSSIBLE. 
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2-21. GLOSSARY OF ABBREVIATIONS AND COMMONLY USED TERMS 


PCB - Protective Control Box, located on the firewall above the brake pedal. 


STE/ICE-R - Simplified Test Equipment for Internal Combustion Engines - Reprogrammable, a testing 
system used for performing tests and measurements on the vehicle. In addition to acting as a 
conventional digital multimeter to measure voltage, current, and resistance, it is also capable of measuring 
pressure, speed,.compression unbalance, engine power, and some specialized battery and starter 
evaluations. It is powered from the vehicle batteries. The complete system includes a vehicle test meter 
(VTM), a transducer kit (TK), cables, transit case, and technical publications. 


DCA - Diagnostic Connector Assembly, an electrical harness on the vehicle which allows the STE/ICE-R 
to be powered and to make measurements of key vehicle signals from a single connection. In addition to 
many basic electrical signals such as starter voltage and current, it includes engine speed and fuel supply 
pressure. The STE/ICE-R can make TK measurements at the same time that it is connected to the DCA. 


VTM - Vehicle Test Meter, a box which performs the measurement and analysis functions of the 
STE/ICE-R systems. 


TK (and TK mode) - Transducer Kit, a collection of transducers, adapters, and fittings which permit the 
STE/ICE-R to be used as a general purpose measurement system for any application. This allows the 
STE/ICE-R to be used anywhere that you want to measure voltage, current, resistance, pressure, or 
speed. TK mode of operation is what you are doing when you use this kit (as opposed to DCA mode 
where you are using the vehicle's built-in sensors to make measurements). 


Compression unbalance - A STE/ICE-R test that gives an indication of any engine cylinders that have 
lower compression then the average. It does this by monitoring the battery voltage during cranking. As 
each cylinder goes into compression, the extra load on the starter shows up as a drop in voltage. This 
works well for finding one or more cylinders that have a compression problem, but don't forget that it 
doesn't give the average compression. If all cylinders are low by the same amount, this test doesn't find it. 


Troubleshooting - The process of making measurements and observing the operation of the vehicle to find 
out if anything is wrong with it and then to locate any problem that exists. 


Diagnostics - Troubleshooting by following an exact procedure. 


Test Chain - A series of tests to be followed in a particular order or sequence. It is referred to as a “chain" 
of tests because they are all connected one after another like the links of a chain. 


System - A collection of devices which are all related to each other because they depend on each other to 
do some function or job. For instance, the function of the fuel system is to inject fuel into the cylinders at 
the correct time in the correct amount and with the correct quality. The collection of devices that are 
required to do this include the fuel pump, fuel lines, lift pump, fuel filter, injection pump, and injectors. 
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2-21. GLOSSARY OF ABBREVIATIONS AND COMMONLY USED TERMS (CONT'D) 


Functional flow schematic - A diagram which is much like a normal electrical circuit diagram, except 
that its purpose is to show the flow of information through the system (or the flow of a signal or the 
flow of some material such as the fuel). This kind of diagram shows how each component or device 
depends on the others. It is called functional flow because it shows the function (purpose of each 
component) and how the output of one component flows into the next. For troubleshooting, the 
functional flow schematic is better than the usual circuit diagram because it allows you to quickly see 
how the system works and what to expect when you make measurements on a system that has 
faults. You can't expect the output of a device to be good when it has a bad input. 


2-22. ELECTRIC CIRCUIT DESCRIPTION 


An electrical circuit is a collection of electrical devices which are connected in a loop from a positive 
voltage source (the battery positive) to a negative source ( the battery negative). it must be 
continuous, with no breaks (no opening in the loop) so that electrical current can flow from the positive 
to the negative. You can think of it like the plumbing in your house. There must be a source of water 
under pressure or nothing will flow through the pipes. Water pressure is like the positive voltage of the 
battery. There may be branches (tees) in the pipes going to several different places, but if you don't 
connect the pipes, you don't get water. The same thing is true with the electrical circuit. if the wires 
aren't connected, no electricity will flow through them. 


In the plumbing of a house, all of the water must go to the drain (you won't permit it to be spilled on 
the floor). With the vehicle electrical circuit, the drain is the negative terminal of the battery. With the 
water pipes, the water always flows from high pressure to low pressure (another way of saying that 
water always flows downhill). The electrical current is the same as the water flow - it always goes 
from positive to negative voltage. Voltage is to electricity what pressure is to water. Just like the 
pressure in the water pipe, the greater the voltage, the more electricity will flow through the wires. 
Unlike the water pipes that will spill the water if they break, you can't spill the electricity. The closest 
thing to this in an electrical circuit is when two wires touch that aren't supposed to and the current 
flows to some place that it shouldn't (this is called a short circuit or a short). Shorts often happen 
where the wire touches the vehicle body (the body is connected to the negative terminal of the 
battery). Since the current always flows through the easiest path to negative, it will bypass the rest of 
the circuit where it was supposed to go, and go through the short directly to the battery. Because this 
new path to the battery negative is shorter, the malfunction is called a short circuit or a short. 


If you put a valve in a water pipe, you can control how much water flows by closing the valve. What 
you are doing is pinching off the pipe with the valve which restricts the flow. If you shut it off 
completely, you can stop all water from flowing. In the electrical circuit, a resistor acts like a valve. If 
you make the resistor extremely large, you can stop the current from flowing. The resistance is 
measured in ohms. 
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2-22. ELECTRIC CIRCUIT DESCRIPTION (CONT'D) 


When there is no electrical connection, such as when a wire is disconnected, the resistance is infinite (too 
large to be measured). No current will flow through the wires, because the circuit is no longer continuously 
connected. This is referred to as an open circuit or simply an open. Remember that an electrical circuit is 
formed by continuous loops of devices connected together. When you are troubleshooting, you are often 
asked to check for continuity, which simply means that you need to find out if there is a continuous path 
from one place in the circuit to another. Since you are trying to see if the path is continuous, you must 
check wires and switches rather than any special or active devices. You will usually just measure the 
resistance between two points. If the resistance is zero (or the value of any resistance that is supposed to 
be there), then there is continuity. In the case of looking for a short, this may mean that you have found the 
short. If the resistance is off-scale on the meter (infinite resistance) then there is no connection and you 
have found an open. A continuity test is the same whether you are looking for an open or a short, the only 
difference being what resistance values you are looking for and where you make the measurements. 


You are familiar with the typical light switch which allows you to turn a light on and off. A switch of any 
kind in an electrical circuit is simply a way of opening the loop so that no current will flow through it. 
Something to remember while troubleshooting is that everything on the positive side of the switch still has 
full battery voltage while everything from the switch on through the rest of the circuit is (or should be) 
connected to the battery negative terminal and you will measure zero volts. This is easy to remember if 
you think of the faucet on a sink. If you shut off the faucet, there is no water flowing into the sink, but the 
water in the pipe is still under pressure. 


Sometimes a switch is turned on and off automatically. An example is a circuit breaker, which is a device 
that measures how much current is flowing through it. If the current goes too high (possibly damaging 
equipment or melting the wires), then it opens an internal switch to stop the current flow. A relay is another 
form of switch that is turned on and off under remote control using a signal in another wire. When a device 
which requires a very large amount of current (such as the starter motor) must be turned on and off, a 
power relay is used. The idea is to use a small switch to turn on a larger switch. Thus, you don't have 
very large wires going all over the vehicle or large switches on the instrument panel. In the case of the 
Starter's power relay, it is also called a solenoid. A solenoid is any device that changes the electrical 
current into a forward and backward motion. It is something like an electrical motor except that instead of 
continuously going around in the same direction, it goes in or out. For the starter, the solenoid is used to 
push a very large switch into the ON position. 


When testing a circuit, you will need to know how much current is flowing. Current is easily measured with 
the STE/ICE-R. A device called a shunt is connected to the negative terminal of the battery. A shunt is a 
very precise resistor designed so that for every 1,000 amps of current that flow through it, there is a drop 
of .1 volt from one side to the other (different shunts may have different values). By measuring the voltage 
across the shunt, you know how much current is flowing through the circuit. The shunt is placed on the 
negative side because it is safer (less chance of accidents which may short out the batteries). Since all 

of the current eventually goes through the negative battery terminal anyway, the shunt gives the same 
measurement as if it were connected to the positive terminal. You can think of the shunt as doing the 
same thing as the water meter in your house. As you turn devices such as lights on or off, you can use 
the shunt to measure how much current they are using. 
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2-23. STARTABILITY TESTS — | 


This is a top level test for problems with an engine that doesn't start, or starts 
but immediately stops, or is very hard to start. If the engine starts but doesn't 
run well after starting, try the STARTABILITY tests first. 


FOR THE ENGINE TO START, ALL OF THE BASIC SYSTEMS SHOWN BELOW 
MUST BE WORKING. THESE STARTABILITY TESTS WILL HELP YOU TO 
VERIFY THE CONDITION OF EACH OF THESE SYSTEMS. 


BATTERY 
CIRCUIT 


AIR INTAKE/ 


ENGINE MECHANICAL 
(CRANKING, COMPRESSION, ETC.) 


ENGINE STARTED, 
AVAILABLE FOR POWER 


A functional flow schematic is not applicable to this section. 
However, so that you may refer to sections as you need them, a 
quick index to the systems required for starting is given here. 


| Cea | 
| Cera | 
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STARTABILITY 


NOTHING 


POSSIBLE PROBLEMS 


STARTER SYSTEM 
BATTERIES 

FUEL SYSTEM 

AIR INTAKE/EXHAUST 
GLOW PLUGS 

ENG MECHANICAL 


STARTER SYSTEM OK 
BATTERIES OK 
ENGINE NOT LOCKED 


POSSIBLE PROBLEMS 


FUEL SYSTEM 

AIR INTAKE/EXHAUST 
GLOW PLUGS 
COMPRESSION 


ENGINE NOT LOCKED 
BATTERIES OK 
STARTING SYSTEM OK 
FUEL SYSTEM OK 


POSSIBLE PROBLEMS 


AIR INTAKE/EXHAUST 
COMPRESSION 
GLOW PLUGS 


TEST OPTIONS 


DOES THE ENGINE CRANK 1. LISTEN. 


NORMALLY? (STARTER ENGAGES, 
CRANKS ENGINE AT LEAST 
100 RPM, STARTER DISENGAGES) 


2. STENCE-R TEST 10 (Page 
2-490) 


REASON FOR QUESTION 


If the engine cranks normally, 
the battery and starter are 
good enough to start the engine. 


GO TO 
STARTER CIRCUIT, 
Page 2-247 


TEST OPTIONS 


RUN THE FUEL SYSTEM 
TESTS. RETURN HERE. 


FUEL SYSTEM TESTS 
(Page 2-99) 


REASON FOR TESTS 


If the fuel system doesn't 
work, the vehicle won't 
Start. 


TEST OPTIONS 


RUN THE AIR INTAKE/EXHAUST 
TESTS. RETURN HERE. 


AIR INTAKE/EXHAUST TESTS 
(Page 2-141) 


REASON FOR TESTS 


The air intake/exhaust system 
tests are easy to run and can 
cause starting problems. 


GO TO 4, 
Page 2-48 
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REFERENCE INFORMATION STARTABILITY 


Make sure ail of the vehicle's fluids 
are at the proper level. 


ENGINE RPM 
STE/ICE-R TEST 10 


1. Start Test 10, Engine RPM 

2. Crank or start the engine. Displayed 
reading is RPM. Cranking rpm should be 
approximately 100-200. Idle rpm should be 
700-750. 


You could still have battery or 

starter problems with a cranking 

speed over 100 rpm, but that 

shouldn't stop the engine from starting. 
Tests for the battery and starter can 
be run separately, if you want 

to run them. 
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STARTABILITY FROM 3 DIAGNOSTIC FLOWCHART 


TEST OPTIONS 


GLOW PLUGS CIRCUIT TESTS 
(Page 2-289) 


ENGINE NOT LOCKED 
BATTERIES OK 
STARTING SYSTEM OK 
FUEL SYSTEM OK 

AIR INTAKE/EXHAUST OK 


RUN THE GLOW PLUGS CIRCUIT 
TESTS. RETURN HERE. 


REASON FOR QUESTION 


POSSIBLE PROBLEMS 


GLOW PLUGS 
COMPRESSION 


If the engine is hard to start 
it may be the glow plugs. 


TEST OPTIONS 


KNOWN INFO 


ENGINE NOT LOCKED 


RUN COMPRESSION UNBALANCE. 


BATTERIES OK STE/ICE-R TEST 14 
STARTING SYSTEM OK IS THE COMPRESSION UNBALANCE (page 2-493) 
GLOW PLUGS OK OK? 

AIR NTAKE/EXHAUST 


FUEL SYSTEM OK 
REASON FOR QUESTION 
POSSIBLE PROBLEMS If cylinder compression is far 


enough out of balance, it could 
prevent the vehicle from starting. 
The lower the unbalance, the 
better. 


COMPRESSION 


NOTIFY DS 
(No) MAINTENANCE 


(CHAPTER 14). 


NO FAULTS 
FOUND. 
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When using the vehicle's 
temperature gauge to determine 
engine temperature, don't forget to 
turn the rotary switch to RUN. The 
gauges don't work when power is off. 


REFERENCE INFORMATION STARTABILITY 
WARNING 
A hot engine may cause serious GLOW PLUG 
burns. Always use caution when CONTROLLER Zan, 
approaching a hot engine. 
, NOTE 


The colder the engine (and air temperature), 
the more you need the glowplugs for starting. 
There are some times when you don't need to 
run the glow plugs test. If the engine is warm 
and the problem is there on a hot day, then 


the problem is probably NOT the glow plugs Use oS : 
or cold start advance, and these tests may GLOW PLUG 
be bypassed. If it's colder than 50°F, run CONTROLLER HARNESS 


the glow plugs circuit test, because just a few bad 
glow plugs can make a minor starting problem 
much worse. 


If the vehicle passes the STE/ICE-R 
compression unbalance test, it may still 
have a compression problem, but it would 
mean that every cylinder has low 
compression. This is possible, but not too 
likely. If you're confident that 

everything else is working properly, 

notify DS maintenance (chapter 14). 


TIME-DELAY 
‘i MODULE 


| A 
TIME-DELAY MODULE Vy 
| |- ELECTRICAL CONNECTOR 

| 


COMPRESSION UNBALANCE 
STE/CE-R TEST 14 


. Run tests 72, 73, and 74 to verify that the 
batteries are OK. 
CAUTION 


THE GLOW PLUGS CONTROLLER AND 
THE CONTROL VALVE ELECTRICAL 
CONNECTOR MUST BE DISCONNECTED 
PRIOR TO RUNNING THIS TEST. 


. Disconnect wire 54A at injection pump to 

prevent starting. 

3. Disconnect glow plugs controller and contro! 
valve electrical connector (to keep waveform 
clean). 

4. Start Test 14, compression unbalance. 

5. Wait for the GO message. Crank the engine. 

6. Release the rotary switch when the VTM 
displays OFF. A number less than 25% 

is passing. 
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2-24. ENGINE RUNNING TESTS 


This is a top level test for problems with an engine that starts but doesn't run 
well after starting. This includes an engine that starts but doesn't stay running 
for very long. If the engine doesn't start, or starts but immediately stops, or is 
very hard to start, try the STARTABILITY tests first. 


A functional flow schematic is not applicable to this section. 
However, so that you may refer to sections as you need them, a 
quick index to the systems relating to engine running is given here. 


[ramncrare «dC 
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=NGINE RUNNING C staat > DIAGNOSTIC FLOWCHART ~ 


THIS SECTION IS FOR PROBLEMS 
SUCH AS ROUGH IDLE, ROUGH 


RUNNING, LACK OF POWER, UN- 
USUAL NOISE OR VIBRATIONS. 
IF THE VEHICLE WON'T START, 
RUN THE STARTABILITY TESTS. 


DOES THE ENGINE RUN 
WITHOUT STALLING? 


OBSERVE THE ENGINE AND 
VEHICLE OPERATION. 


FUEL SYSTEM 


AIR INTAKE/EXHAUST REASON FOR QUESTION 
MECHANICAL 
ELECTRICAL 
GLOW PLUGS 
COOLING 
LUBRICATION GO TO FUEL 
(NO) SYSTEM TESTS, 


Page 2-99 


To detect and fix minor problems 
before looking for major problems. 


GO TO 3, 
Page 2-54 
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REFERENCE INFORMATION ENGINE RUNNING 


This is a check for alt of those probiems which 
can cause the engine to stop when it shouldn't. 
This includes fuel, air, and electrical problems. 
If the engine starts and then stops 
immediately, run the startability tests first. 
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ENGINE RUNNING pcos DIAGNOSTIC FLOWCHART 


zz TEST OPTIONS 


DOES THE ENGINE SOUND 
NORMAL AND HAVE NORMAL 
VIBRATIONS AT ALL SPEEDS ? 


ENGINE STARTS AND 
STAYS RUNNING 

FUEL SYSTEM OK 

AIR INTAKE/EXHAUST OK 


OBSERVE THE ENGINE WHILE 
RUNNING THE VEHICLE AT 
VARIOUS SPEEDS. 


POSSIBLE PROBLEMS 


REASON FOR QUESTION 
There could be problems which 
would make it unsafe to continue 
operating or could cause further 
damage. 


MECHANICAL 
ELECTRICAL 
GLOW PLUGS 
COOLING 
LUBRICATION (NO) 


RUN THE FUEL SYSTEM TESTS, Page 2-99. 
IF NO FAULTS FOUND, GO TO 
COMPRESSION/MECHANICAL TESTS, 
Page 2-147. 


GO TO 4, 
Page 2-56 
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REFERENCE INFORMATION ENGINE RUNNING 


Listen for noises from the engine that aren't 
usually there when the engine is running 

. normally. Also be alert for unusual vibrations 
while the engine is idling and while you 
accelerate to a safe and reasonable speed. 
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ENGINE RUNNING 


ENGINE STARTS AND 
STAYS RUNNING WITH 
NO ABNORMAL SOUNDS 
OR VIBRATIONS 


POSSIBLE PROBLEMS 


MECHANICAL 
FUEL SYSTEM 


ENGINE STARTS AND 
STAYS RUNNING WITH 
NO ABNORMALSOUNDS 
OR VIBRATIONS 


POSSIBLE PROBLEMS 


MECHANICAL 
FUEL SYSTEM 


ENGINE STARTS AND 
STAYS RUNNING WITH 
NO ABNORMAL SOUNDS 
OR VIBRATIONS 

EXHAUST OK 


POSSIBLE PROBLEMS 


FUEL SYSTEM 
COOLING SYSTEM 
ELECTRICAL SYSTEM 
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FROM 3, 
Page 2-54 


DOES THE ENGINE 
PRODUCE RATED POWER ? 


TEST OPTIONS 


1. STEACE-R TESTS 13, 12 
(Pages 2-492, 2-491) 


2. ACCELERATE ON A LEVEL 
SURFACE. 


REASON FOR QUESTION 
If the engine produces rated 

power now, then it is probably ok 
to use. 


GO TO FUEL 
SYSTEM, 
Page 2-99 


TEST OPTIONS 


IS THE EXHAUST COLORLESS? 


LOOK AT EXHAUST WHILE 
ENGINE IS RUNNING. 


REASON FOR QUESTION 


Abnormal exhaust is a sign of a 
fuel, air, or mechanical problem. 


GO TO 
FUEL SYSTEM, 
Page 2-99 


TEST OPTIONS 


DOES THE ENGINE PASS 
COMPRESSION UNBALANCE? 


STE/ICE-R TEST 14 (Page 2-493) 


REASON FOR QUESTION 
Bad compression can make other 
systems look bad. The 

lower the compression unbalance 
number, the better the engine. 


NOTIFY DS 
MAINTENANCE 
(CHAPTER 14). 


Ces) 


GO T07, 
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REFERENCE INFORMATION 


If STE/ICE-R is not available, accelerate under full power 
to a safe and reasonable speed on a level surface. 

For STE/ICE-R test 12, a number higher than 6,700 is 
passing. For test 13, a number higher than 75 is passing. 


it is normal for the engine to emit some biack smoke 
when accelerating after idling for a while. Under most 
other conditions, exhaust smoke is usually from one of 
three sources; 


BLUE smoke is usually oil. 

BLACK smoke is too much fuel or too little air (often 
caused by advanced injection timing). 

WHITE smoke is usually water (often caused by retarded 
injection timing). 


If the smoking is continuous or appears under a particular 
condition, the smoke probably indicates a problem and 
should be investigated. 


If STEACE-R is not available, there is no easy 
way to test compression. In this case, go on to 
the next step but remember that compression 
may be a problem. 
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ENGINE RUNNING 


ENGINE POWER TEST (PERCENT) 
STEACE-R TEST 13 


. Set TEST SELECT switches to 13. 

. Press and release TEST button. 

. Wait for prompting message CIP to appear. 

. When CIP appears on display, press down 
sharply on engine accelerator and 


hold it to the floor. When VTM displays OFF, 
release accelerator. 

. Anumber will be displayed after the 
engine has retumed to idle speed. This 
number is the test result in units of 
percent of nominal rated power. 


ENGINE POWER TEST (RPM/SEC) 
STEACE-R TEST 12 


. Set TEST SELECT switches to 12. 

. Press and release TEST button. 

. Wait for prompting message CIP to appear. 

. When CIP appears on display, press down 

sharply on engine accelerator and 
hold it to the floor. When VTM displays 
a number, release accelerator. 

5. Anumber will be displayed after the 
engine has returned to idle speed. This 
number is the test result in units of 

tpm per second. 


ON - 


COMPRESSION UNBALANCE 
STEACE-R TEST 14 


1. Run tests 72, 73, and 74 to verify that the 
batteries are ok. 

2. THE GLOW PLUG CONTROLLER AND THE 
CONTROL VALVE ELECTRICAL 
CONNECTOR MUST BE DISCONNECTED 
PRIOR TO RUNNING THIS TEST. 

3. Disconnect wire 54A at injection pump to 
prevent starting. 

4. Disconnect glow plug controller and control 
valve electrical connector (to keep waveform 
clean). , 

. Start Test 14, compression unbalance. 

. Wait for the GO message. Crank the engine. 

. Release the rotary switch when the VTM 

displays OFF. A number less than 25% 

iS passing. 


NO 
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ENGINE RUNNING Sap DIAGNOSTIC FLOWCHART 


DOES THE ENGINE OPERATE AT 
NORMAL TEMPERATURE ? 


TEST OPTIONS 


ENGINE RUNS 

NO ABNORMAL NOISES 
OR VIBRATIONS 

EXHAUST OK 

COMPRESSION OK . 


1. CHECK TEMPERATURE 
GAUGE. 


2. RUN ENGINE COOLING 
TESTS (Page 2-159). 


POSSIBLE PROBLEMS 


FUEL SYSTEM 
COOLING SYSTEM 
ELECTRICAL SYSTEM 


REASON FOR QUESTION 
A hot or cold engine may run 

rough and cause problems later 
(at very inconvenient times). 


GO TO ENGINE 
COOLING, 


CYES) Page 2-159 


TEST OPTIONS 


ENGINE RUNS 

NO ABNORMAL NOISES 
OR VIBRATIONS 

EXHAUST OK 

COMPRESSION OK 

ENGINE POWER OK 


POSSIBLE PROBLEMS 


COOLING SYSTEM 
FUEL SYSTEM 


DOES THE ENGINE STOP WHEN 
THE ROTARY SWITCH IS TURNED 
TO STOP? 


LISTEN. 


REASON FOR QUESTION 


If the engine stops, then the fuel 
and electrical systems are ok. 


GO TO FUEL 
(No) SYSTEM, 
Page 2-99 


TEST OPTIONS 
1. RERUN THIS CHAIN. 


rie 


MOST SYSTEMS 
SEEM TO BE 
RUNNING OK. 


IF YOU STILL HAVE AN ENGINE 
RUNNING PROBLEM, TRY 
RERUNNING THIS CHAIN OF 
TESTS. 

IF EVERYTHING CHECKS OUT OK, 
GO TO PARAGRAPH 2-43, 
DRIVETRAIN (PAGE 2-453). 


2. DRIVETRAIN TESTS 
(Page 2-453). 


REASON FOR QUESTION 


We've checked just about 
everything that could cause an 
engine running problem. 


POSSIBLE PROBLEMS 


DRIVETRAIN 
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REFERENCE INFORMATION ENGINE RUNNING 


Because the engine cooling tests can take a 

- jong time (mostly letting a cold engine warm 
up), you don't have to run them unless there is 
or may be a problem in the cooling system. 
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This paragraph is a top level test for problems with either the water cooling 
system or the oil cooling system. Just follow the path and answer the questions. 
Additional information and notes are given on the facing page when necessary. 
The cooling system consists of the oil and water radiators, the engine fan and its 
controller, the water pump, and the internal coolant passages in the engine. 


ENGINE COOLING 


OIL COOLING 


315 


STEERING 
iN 
CONTROL 

= VALVE & ceue 


TIME DELAY 
MODULE 


sa |) 


THERMOSTAT 


TRANSMISSION 
FLUID 


ENGINE 
OIL 


FAN TEMPERATURE 
SWITCH 


COCR APOE OECD C TREE DOO O STC O OO e CORTE LUO TU Learned ben abecengee 
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COOLING SYSTEM 


TEMPERATURE GAUGE 

TEMPERATURE SENDER 

ENGINE COOLING 
SYSTEM 

OIL COOLING SYSTEMS 


SERPENTINE BELT 
CONTROL VALVE 


TEMPERATURE GAUGe 
IS BELOW 240°F (116°C) 
AT ALL TIMES. 


POSSIBLE PROBLEMS 


TEMPERATURE GAUGE 
TEMPERATURE SENDER 
ENGINE COOLING SYSTEM 
OIL COOLING SYSTEMS 
SERPENTINE BELT 
CONTROL VALVE 


TEMPERATURE GAUGE 
SEEMS TO WORK OK 


POSSIBLE PROBLEMS 


TEMPERATURE GAUGE 
TEMPERATURE SENDER 
ENGINE COOLING SYSTEM 
OIL COOLING SYSTEMS 
SERPENTINE BELT 
CONTROL VALVE 


2-62 


IS THE ENGINE TEMPERATURE 
GAUGE BELOW FULL SCALE AT 
ALL TIMES? 


TEST OPTIONS 


REASON FOR QUESTION 


The engine should not reach 
temperatures over 240°F (116°C). 


(No) GOTOA, 
Page 2-66 


2 
DOES THE TEMPERATURE GAUGE 
READ BELOW 120°F (49°C) WHEN 
THE ENGINE IS COLD AND THEN 


TEST OPTIONS 


VISUAL 


INDICATE HIGHER TEMPERATURES 
AS THE ENGINE WARMS? 


REASON FOR QUESTION 


You want to know if the 
gauge is working properly. 


Lee GO TO 
(No) INSTRUMENTS, 


Page 2-305 


ie 


DOES THE ENGINE APPEAR TO BE 
PROPERLY COOLED WITH NO 
EVIDENCE OF OVERHEATING? 


REASON FOR QUESTION 
If the engine is overheating 
with the temperature gauge 
below full scale, both the 
temperature sending system 
and the engine cooling are 
faulty. 


GoTo 
ENGINE COOLING, 
(NO) Page 2-159 AND THEN 


INSTRUMENTS, 
Page 2-305 


DIAGNOSTIC FLOWCHART 
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REFERENCE INFORMATION COOLING SYSTEM 


TEMPERATURE GAUGE 


The question describes 

how the gauge should work. 
If you aren't sure if its working 
properly, you may want to run 
the instruments test anyway. 


Look for boiling coolant, a 
blown surge tank pressure cap, 
or leaking hoses to tell you if the 
engine is overheating. 
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COOLING SYSTEM 


TEMPERATURE GAUGE OK 
TEMPERATURE SENDER 
OK 


POSSIBLE PROBLEMS 


ENGINE COOLING 
SYSTEM 

OIL COOLING SYSTEMS 

SERPENTINE BELT 

FAN CLUTCH/TIMER 


SERPENTINE BELT OK 

FAN CLUTCH/TIMER OK 

TEMPERATURE GAUGE 
AND SENDER OK 


POSSIBLE PROBLEMS 


ENGINE COOLING 
SYSTEM 
OIL COOLING SYSTEMS 
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FROM 3, 
Page 2-62 


DOES THE FAN TURN ON WHEN 
THE ENGINE TEMPERATURE 
GAUGE READS ABOVE 220°F 
(104°C)? 


TEST OPTIONS 
LOOK. 


REASON FOR QUESTION 


The fan clutch should 
turn the fan on when the 

temperature is above 220°F 
(104°C). 


GO TO 
ENGINE COOLING, 
Page 2-159 


TEST OPTIONS 


INSPECT ALL HOSES: THE 
RADIATOR, THERMOSTAT 
HOUSING, AND THE OIL COOLER. 


IS THE VEHICLE FREE OF ANY 
EVIDENCE OF LEAKING FLUIDS? 


REASON FOR QUESTION 


The vehicle should not 
jeak fluids. 


SEE 
INFORMATION AT 
RIGHT. 
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REFERENCE INFORMATION COOLING SYSTEM 


220°F (104°C) is the approximate 
temperature at which the fan should 
turn itself on. 


The fan will turn on and off as the 
engine temperature varies. 


If the leaking fluid is red, go to the 
transmission{ Dara. 2-40] Dage 2-389). 

If the leaking fluid is yellow/green, go to 
engine cooling Dara. 2-311 Dage 2-T5y. 

If the oil cooler is leaking, try to determine 
where the leak is coming from. The oil cooler 
in front of the radiator cools both engine oil 
and transmission fiuid (top-half transmission 
fluid, bottom-half engine oil). If the leak is in 
the oil cooler, go to transmission or engine 
cooling. If the leak is elsewhere, go to 
lubrication systermn|_para. 2-261 page 2-69 
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COOLING SYSTEM 


TEMPERATURE GAUGE 
WENT ABOVE 240°F 
(116°C) 


POSSIBLE PROBLEMS 


ENGINE COOLING 
SYSTEM 

TEMPERATURE GAUGE 

TEMPERATURE SENDER 


2-66 


A 
FROM 1, 
Page 2-62 


DIAGNOSTIC FLOWCHART 


TEST OPTIONS 


IS THE COOLANT BOILING OR 
THE ENGINE OVERHEATING? 


REASON FOR QUESTION 


if the coolant is not boiling, then 
the temperature measuring 
instruments are faulty. 


La GO TO ‘ 
(No) INSTRUMENTS, 


Page 2-305 


GO TO ENGINE 
COOLING, 
Page 2-159 
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REFERENCE INFORMATION COOLING SYSTEM 


oO 


WARNING 


SURGE COOLANT 
TANK FILLER SURGE 


Use caution when inspecting 

- hot engine parts to avoid burns. 
Never remove the pressure cap 
of a hot engine. 


The coolant surge tank is clear 
so you can see what is happening. 
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2-26. LUBRICATION SYSTEM TESTS 


This paragraph is a top level test for all of the lubrication systems in the vehicle. Just follow the 
path and answer the questions. Additional information and notes are given on the facing page 
when necessary. 


The HMMWYV includes a venting system that is also checked in this paragraph. The purpose of 
the vent system is to allow vapor to escape to the atmosphere under normal operation, and to 
prevent venting during deep-water fording operations. If the vents were left open, water would 
enter the engine and other systems and cause damage. The location of the vent lines is shown 
below. The location of the other parts in the lubrication system are shown in other jower level 
paragraph as required. 


NOTE 
Bold lines represent ventilation system. 


GEARED HUB VENT FILTER FUEL TANK VENT GEARED HUB 


CENTRAL 


| 
SAI : 


tC et 
2, 


FRONT 
DIFFERENTIAL 


ar 


Siy 


LO, 


t 


ac 


GEARED HUB 


TRANSFER CASE 


FORDING 

VALVE 
GEARED HUB MASTER . 
CYLINDER 
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LUBRICATION SYSTEM 


POSSIBLE PROBLEMS 


ENGINE LUBRICATION 
TRANSMISSION 
LUBRICATION 
CHASSIS LUBRICATION 
VENTING SYSTEM 


ENGINE LUBRICATION OK 


POSSIBLE PROBLEMS 


TRANSMISSION 
LUBRICATION 

CHASSIS LUBRICATION 

VENTING SYSTEM 


ENGINE LUBRICATION OK 
TRANSMISSION 
LUBRICATION OK 


POSSIBLE PROBLEMS 


CHASSIS LUBRICATION 
VENTING SYSTEM 


TEST OPTIONS 


RUN THE ENGINE LUBRICATION 
TESTS. WERE YOU ABLE TO 
CORRECT ALL OF THE FAULTS? 


ENGINE LUBRICATION TESTS 
(Page 2-191). 


REASON FOR QUESTION 


The tests irj para. 2-32]are easy 
to run and will test out the 
engine lubrication system. 


NOTIFY DS 
MAINTENANCE 
(CHAPTER 14). 


TEST OPTIONS 


VISUAL - SEE NOTE AT RIGHT. 
IF YOU SUSPECT PROBLEMS 
WITH THE TRANSMISSION, YOU 
CAN RUN THE TESTS IN 

[2-40] 


CHECK THE TRANSMISSION 
FLUID. IS IT OK? 


REASON FOR QUESTION 
Transmission fluid tevel and 
appearance give a good 
indication of the system's 
condition. 


TEST OPTIONS 


SE FOR 
LOCATION AND LUBRICATION 
INSTRUCTIONS. 


CHECK ALL OF THE REMAINING 
VEHICLE LUBRICATION POINTS. 
ARE THEY ALL PROPERLY 
LUBRICATED AND IN GOOD 
REPAIR? 


REASON FOR QUESTION 


The chassis and drivetrain 
need to be properly 

lubricated in order to keep 
the vehicle in good repair. 


LUBRICATE 
OR REPAIR AS 
NEEDED. 


GO TO 4, 
Page 2-72 
2-70 


DIAGNOSTIC FLOWCHART 
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REFERENCE INFORMATION LUBRICATION SYSTEM 


The tests intpara_2-3q test the 


oil level, cleanliness, leaks in 
the system, and the COR valve. 
Retum here when you've fixed 
everything you can or if no faults 
were found. 


PR FOR CHECKING TRANSMISSION F 


1. Start engine. 
2. Hold down brake pedal! 
and move transmission 
shift lever through all 
ranges inciuding reverse. 
3. Engage parking brake and 
piace shift lever in neutral. 
Check fluid level on dipstick. 
4. Proper level is between FULL and 
ADD marks on dipstick. 


NOTE 
Check fluid for a burnt smell, grit, 
discoloration, air bubbles, or a milky 
appearance. 


* Bumt smell, discoloration, 
or gnt indicates wom or 
damaged intemal components. 
Notify DS maintenance (chapter 14). 
* Bubbles indicate an overfilled 
system or air leaks 
in the system. Drain the fluid 
and refill to proper ievel 


¢ Milky appearance is due to water in 
the system. Drain the fluid from the 
entire transmission and transmission 
cooling system and install a new filter 


© Check fill tube for indications of fluid 
being blown out. If fluid is being blown out, 
check vent line for obstructions, and refill 
transmission to proper level[(para.5-2). 


Among the items are the driveshafts, 
suspension, differentials, and 
geared hubs. 
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LUBRICATION SYSTEM 


ENGINE LUBRICATION O 
TRANSMISSION LUBE OK 
CHASSIS AND DRIVELINE 
LUBE OK 


POSSIBLE PROBLEMS 


VENT SYSTEM 


ENGINE LUBRICATION OK 

TRANSMISSION LUBE OK 

CHASS!S AND DRIVE LINE 
LUBE OK 

VENT LINES OK 


POSSIBLE PROBLEMS 


VENT FILTER 


2-72 


TEST OPTIONS 


SEE THE FOLDOUT PAGE IN THIS 
PARAGRAPH FOR LOCATIONS OF 
THE VENT LINES. 


CHECK ALL OF THE VENT LINES 
IN THE VEHICLE. 
ARE THEY ALL OK? 


REASON FOR QUESTION 
Make sure that the vent 
system is intact. The vent 
system is used during deep 
fording operations. 


REPAIR AS 
NEEDED. 


TEST OPTIONS 


VISUAL INSPECTION - THE 
VENT FILTER IS LOCATED 
BEHIND THE COOLANT 

SURGE TANK. 


CHECK THE VENT FILTER. 
IS IT OK? 


REASON FOR QUESTION 
A clogged vent filter will 
cause the fuel tank to 

be ata vacuum. This could 
lead to problems with 

the fuel system. 


REPLACE 
FILTER. 


(No) 
Ges) 


DIAGNOSTIC FLOWCHART 
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REFERENCE INFORMATION | LUBRICATION SYSTEM 


There are vent lines attached to 

all parts of the vehicie with a 
lubrication reservoir. These parts 

are the engine, transmission, 

transfer case, differentials, 

geared hubs, and the fuel tank. 
Removal procedures for the vent lines 
are given in the repair procedure for 
the particular component to which 

the line is attached. 


VENT 


or ( FILTER 


~ 


\ im, 25 1 (Ga 
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2-27. ELECTRICAL TESTS 


Most of the electrical circuits in the vehicle are included in one of the major systems covered by this 
manual. This is a top level paragraph to help you pick the right one. A number of schematics are also 
included to help you find the problem. If you go through the flow chart and can't solve the problem, use 
the schematics to find wires which may be causing trouble. 


The electrical system consists of the batteries, which produce electrical power by a chemical reaction 
between the lead plates and the electrolyte solution (a mixture of acid and water). This power is carried 
by wires and cables to those parts of the vehicle which require electrical power. The batteries get 
recharged by the alternator, which generates electrical power by using some of the engine's 
mechanical power, produced when the engine is running. If you are not too confident about electrical 
concepts and terminology, you should read para. 2-22 page 2-43. 


All electrical systems require a connection to ground (called grounding), which is the completion of 

the circuit to the battery negative. Pages 2-90, 2-91, and 2-92 are diagrams of the grounding. !f your 
vehicle exhibits strange symptoms that seem to defy all efforts to fix them, the vehicle may have a 
grounding problem. Grounding problems cause strange symptoms usually because more than one 
circuit is using the same ground, or because a Circuit has more than one ground. For example, looking 
at the body ground diagram, if wire 58D (a ground for the instruments) is disconnected from the 
left-side cylinder head, the instruments may still function due to the separate ground, but they would 
probably be erratic and inaccurate. Usually the problem will be a loose or corroded connection between 
the circuit, through body ground to battery negative terminal. Be sure to check continuity to battery 
negative cable rather than simply to the vehicle body or engine block. 


After the grounding diagrams are functional flow schematics of the major systems in the vehicle. 
The shaded areas are the wires and components of the vehicle master power distribution. These 
are designed to help you find the system giving you problems. 


VEHICLE MASTER POWER CIRCUIT 
58 27¢ 15A 


COLD 
ALTERNATOR 
CIRCUIT 


FROM ALL SYSTEMS 


VEHICLE GROUND SYSTEM 


2-75 


VA 
290 


STARTER 
CIRCUIT 


FUEL 
SOLENOID 


GLOW PLUG 
CIRCUIT 


58 & 2A 
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ELECTRICAL C_ start > DIAGNOSTIC FLOWCHART 


TEST OPTIONS 


NOTHING 


WITH THE ROTARY SWITCH 1. LOOK. 
TURNED TO STOP, ARE ALL 
CIRCUITS EXCEPT THE LIGHTS 


UNPOWERED? 


2. STE/ICE-R TEST 90 
(Page 2-507). 


REASON FOR QUESTION 


It's important to verify that 
there are no shorts which 
could cause things to be 

powered when they shouldn't be. 


POSSIBLE PROBLEMS 


SHORTS 
OPENS 


TEST OPTIONS 


POWER IS OFF WHEN IT 
SHOULD BE 


DO ANY OF THE LIGHTS WORK 
WITH THE ROTARY SWITCH IN 
THE STOP POSITION? 


TURN LIGHTS ON AND LOOK. 


REASON FOR QUESTION 


POSSIBLE PROBLEMS 


The lights should work with the 
rotary switch at STOP. If the 

lights work, power is making it 
from the batteries through the 
PCB to the light circuit. 


TEST OPTIONS 


POWER TO THE LIGHT 
CIRCUIT IS OK 


DO ALL OF THE LIGHTS WORK 
WITH THE ROTARY SWITCH IN 
ANY POSITION? 


TURN LIGHTS ON AND LOOK. 


POSSIBLE PROBLEMS 


REASON FOR QUESTION 


INDIVIDUAL LIGHTS MAY 
HAVE BURNT BULBS, 
BAD WIRES, ETC. 


There may be problems which 
only affect one light, rather 
than all of them. 


© Licks, 


Page 2-375 


Cs) 


GO TO 4, 
2-76 Page 2-78 
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REFERENCE INFORMATION | ELECTRICAL 


The lights are the only circuit on the vehicle 
which should work or be drawing any power 
when the switch is in the STOP position. DC CURRENT 0-1,500 AMPS 
Check the instruments, try tuming on the STEACE-R TEST 90 
heater fan, listen for any relay clicking or 

other sign (includes engine running) that 
power is on when it shouldn't be. 

It's best if you use the STE/ICE-R in TK mode 
to verify that there is no current draw from 

the batteries. You can't use the DCA mode for 
this because it will measure this current 

during the calibration part of the test and 

read that this is just an offset in the sensor. 


1. Connect probe. 


2. Start Test 90, DC amps. 


3. Displayed reading is in amps. 


The lights should work with the 
rotary switch in any position. 
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ELECTRICAL 


POWER CAN BE 
TURNED OFF 


POSSIBLE PROBLEMS 


PCB 
ROTARY SWITCH 
BATTERY 

STARTER 

CIRCUIT BREAKERS 
WIRING 


ROTARY SWITCH OK 


POSSIBLE PROBLEMS 


CIRCUIT BREAKER 2 OK 
PCB 

ALTERNATOR 

WIRING 


KNOWN INFO 


ROTARY SWITCH OK 
CIRCUIT BREAKER 2 OK 


POSSIBLE PROBLEMS 


PCB 
ALTERNATOR 
WIRING 


2-78 


FROM 3, 
Page 2-76 


TEST OPTIONS 


WITH THE ROTARY SWITCH IN 
THE RUN POSITION, IS THE 
INSTRUMENT CLUSTER 
VOLTMETER IN THE YELLOW 
OR GREEN ZONE? 


(NO) GO TOD, 
Page 2-88 


DO ALL OF THE GAUGES 
WORK PROPERLY WITH THE 
ENGINE RUNNING? 


REASON FOR QUESTION 
This quickly verifies that 
power is getting from the 
batteries to the rotary switch and 
the batteries aren't discharged. 


TEST OPTIONS 


REASON FOR QUESTION 


Power may not be making it 
through circuit breaker 2 to 
the instrument panel. 
GO TO 
INSTRUMENTS, 
Page 2-305 


TEST OPTIONS 


TURN HEATER ON AND CHECK 
FOR AIRFLOW. 


DOES THE HEATER FAN WORK 
WITH THE ROTARY SWITCH IN 
THE RUN POSITION? 


REASON FOR QUESTION 


The heater fan should work 
with the rotary switch in the 
RUN position. 
GO TO 
INSTRUMENTS, 
Page 2-305 


© 
Ces) 


GO TO7, 
Page 2-80 


DIAGNOSTIC FLOWCHART 
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REFERENCE INFORMATION ELECTRICAL 


With engine off, tum switch. If the voltmeter 
-is slightly in the yellow zone, you can continue 

down the YES path, but beware of possibie 

test failures due to the low battery charge. 
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ELECTRICAL FROM 6, DIAGNOSTIC FLOWCHART 


TEST OPTIONS 
1. VOLTMETER 


ROTARY SWITCH OK 
CIRCUIT BREAKER 1 OK 


START THE ENGINE. WHEN THE 
ENGINE STARTED, DID THE 
BATTERY VOLTAGE INCREASE 
SO THE VOLTMETER IS IN THE 
GREEN ZONE? 


2. STE/ICE-R TEST 67 (Page 2-496) 


3. MULTIMETER 


POSSIBLE PROBLEMS 


BATTERY 
ALTERNATOR 
PCB 

RUN WIRING GOTO 


ACCESSORY WIRING (No) ALTERNATOR, 


Page 2-199 
<3 


REASON FOR QUESTION 


If the voltage increases, the 
alternator is connected and 
working. 


TEST OPTIONS 


BATTERY OK 

START WIRING OK 
ROTARY SWITCH OK 
ALTERNATOR OK 


POSSIBLE PROBLEMS 


PCB 
RUN WIRING 
ACCESSORY WIRING 


DOES THE HEATER COOLING 
FAN WORK? 


REASON FOR QUESTION 


The cooling fan should work when 
the rotary switch is turned to RUN. 


GO TO ENGINE 
COOLING, 
Page 2-159 


TEST OPTIONS 


BATTERY OK 

START WIRING OK 
ROTARY SWITCH OK 
ALTERNATOR OK 


DOES THE WINDSHIELD WIPER 
WORK WITH THE ROTARY SWITCH 
IN THE RUN POSITION? 


POSSIBLE PROBLEMS 


PCB 
RUN WIRING 
ACCESSORY WIRING 


REASON FOR QUESTION 


The windshieid wiper should 
work with the rotary switch in the 
RUN position. 


GOTO 
(No) INSTRUMENTS, 
Page 2-305 


2-80 NO FAULTS. > 


REFERENCE INFORMATION 
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ELECTRICAL 


BATTERY VOLTAGE 
STEACE-R TEST 67 


1. Start Test 67, battery voltage. 


2. Displayed reading is in volts. Batteries should 
be 23-25.5 volts. Voltage in batteries will drop 
when glow plugs turn on. 
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ELECTRICAL = Be ; | DIAGNOSTIC FLOWCHART 


Page 2-76 (IN) 
| _KNOWNINFO| | | AT | TEST OPTIONS 


DISCONNECT THE PCB BODY 
CONNECTOR. KEEP THE ROTARY 
SWITCH IN THE STOP POSITION. 
IS THERE STILL POWER AT ANY 
CIRCUITS OTHER THAN THE 
LIGHTS? 


SHORT CIRCUIT IN 
POWER LINES 


1, STE/ICE-R TEST 90 (Page 2-507) 


2. VISUAL 


REASON FOR QUESTION 


If the problem goes away, the 
short is in the body connector 
harness or the rotary switch. 


BODY CONNECTOR 
HARNESS 
ENGINE CONNECTOR 


HARNESS 
GO TO B, 
ROTARY SWITCH (No) Page 2-84 


RECONNECT THE BODY 
CONNECTOR. 
DISCONNECT THE ENGINE 
CONNECTOR HARNESS. KEEP THE 
ROTARY SWITCH AT STOP. IS 
THERE POWER AT ANY CIRCUITS 
OTHER THAN THE LIGHTS? 


TEST OPTIONS 


BODY CONNECTOR 
HARNESS OK 


1. STEACE-R TEST 90 (Page 2-507) 


2. VISUAL 


REASON FOR QUESTION 


POSSIBLE PROBLEMS 


If the problem stays, it has 
to be a short in the engine 
connector harness. 


ENGINE CONNECTOR 
HARNESS 
ROTARY SWITCH 


(NO) REPLACE 
PCB. 


REPLACE THE ENGINE 


CONNECTOR HARNESS. 
GO TO STEP 1, PAGE 2-76 TO 
CONTINUE TESTING. 
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REFERENCE INFORMATION ELECTRICAL 


WARNING DC CURRENT 0-1,500 AMPS 
Disconnect negative battery cable before STEACE-R TEST 90 


disconnecting and reconnecting protective 
control box harness. 1. Connect probe. 


WARNING 2. Start Test 90, DC amps. 


There is battery voltage at the PCB at all 
times. Failure to disconnect battery cable 
will result in damage to equipment or injury 
to personnel. 


3. Displayed reading is in amps. 


Replace PCE (para. 4-4). 
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B - 
ELECTRICAL FROM Aj, DIAGNOSTIC FLOWCHART 


Page 2-82 


IS THERE AN OPEN CIRCUIT FROM 
PIN B TO PIN R AND FROM PIN 
B TO PIN S ON THE ROTARY 


TEST OPTIONS 


1. STE/ICE-R TEST 91 (Page 2-508) 


SHORT ON BODY 
CONNECTOR SIDE OF 
PCB 


2. MULTIMETER 


SWITCH (WITH THE SWITCH IN 
THE STOP POSITION)? 


REASON FOR QUESTION 


POSSIBLE PROBLEMS 


ROTARY SWITCH 
PCB 
BODY CONNECTOR 


BODY CONNECTOR REPLACE 
CABLE HARNESS (No) ROTARY 


<=> SWITCH. 
| B2 | ; TEST OPTIONS 


1. STE/ICE-R TEST 89 (Page 2-506) 


Checking the rotary switch 
first makes it easier to check 
the other possible problems. 


ROTARY SWITCH OK IS THERE ABOUT 0 VOLT AT 


PINS A,B,D,G AND H OF THE PCB 
BODY CONNECTOR? 


2. MULTIMETER 


REASON FR QUESTION 


POSSIBLE PROBLEMS 


If there is voltage at any of 
these pins, then the PCB must 
have a short in it. 


PCB BODY 
CONNECTOR 


BODY CONNECTOR 
CABLE HARNESS (No) REPLACE 
PCB. 


deac 


REPLACE THE BODY 
CONNECTOR HARNESS. 
GO TO A2, PAGE 2-82, 


TO CONTINUE TESTING. 


2-84 


REFERENCE INFORMATION 


Replace rotary switch 


(paras4-70). 


Replace PCB (para. 4-4). 


Replace hamess. Notify DS 
maintenance (chapter 27). 
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ELECTRICAL 


RESISTANCE AND CONTINUITY 
0-4,500 OHMS 
STEACE-R TEST 91 


1. Connect RED clip and BLACK clip to the 
terminations indicated in the question. 
RED to the first, BLACK to the second. 


2. Start Test 91, 0-4,500 Ohms. 


3. Displayed reading is in ohms. Less than 5 
ohms is continuity. If the resistance is over 
4,500 ohms, STE/ICE-R displays .9.9.9.9. 


DC VOLTAGE 0-45 VOLTS 
STE/CE-R TEST 89 


1. Connect RED clip to the indicated test point, 
BLACK clip to negative or ground. 


2. Start Test 89, DC Volts. 


3. Displayed reading is in volts. 


WARNING 


Disconnect negative battery cable before 
disconnecting and reconnecting protective 
control box harness. 


WARNING 


There is battery voltage at the PCB at all 
times. Failure to disconnect battery cable 
will result in damage to equipment or injury 
to personnel. 
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ELECTRICAL Cc DIAGNOSTIC FLOWCHART 


CHECK ALL CONNECTIONS 
FROM THE BATTERIES TO THE 

LIGHT SWITCH. ARE THEY CLEAN 
AND TIGHT? 


NO SHORTS 
LIGHTS DON'T WORK 


LOOK AND TOUCH. 


REASON FOR QUESTION 


POSSIBLE PROBLEMS 


BAD CONNECTIONS 
BATTERIES 


WIRES 
LIGHTS CIRCUIT ) Ce > 


| C2 | TEST OPTIONS 


TURN THE ROTARY SWITCH TO 
RUN. DO ANY ELECTRICAL 
SYSTEMS WORK (LIGHTS, 
INSTRUMENTS, HEATER FAN)? 


Loose or dirty connections 
won't conduct current. 


NO SHORTS 
CONNNECTIONS OK 


LOOK. 


REASON FOR QUESTION 


POSSIBLE PROBLEMS 


This will check if the batteries 
have enough power to run the 
lights. 


BATTERIES 
WIRES 
LIGHT CIRCUIT 


GOTO . 
(No) BATTERY CIRCUIT, 
Page 2-237 


GO TO LIGHTS, [PARA. 2-39] 


PAGE 2-375, THEN CONTINUE 
TESTING AT STEP 3, PAGE 2-76. 
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REFERENCE INFORMATION ELECTRICAL 


Battery cables to starter. 

Buss bar to solenoid. 

PCB engine and body connector. 
Light switch. 
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ELECTRICAL 


KNOWN INFO 


POWER CAN BE 
TURNED OFF 


POSSIBLE PROBLEMS 


BATTERIES 
INSTRUMENT CIRCUIT 


2-88 


D 
FROM 4, Page 2-78 


IS THE BATTERY VOLTAGE 
23.5 TO 25.5 VOLTS? 


TEST OPTIONS 


1. STE/ICE-R TEST 67 (Page 2-498) 


2. MULTIMETER 


REASON FOR QUESTION 


If the battery is supplying full 
voltage, then there is something 
wrong with the instrument 

circuit. 


GO TO 
BATTERY, 
Page 2-237 


GO TO INSTRUMENTS, |PARA. 2-38 
PAGE 2-305, THEN CONTINUE 
TESTING AT STEP 4, PAGE 2-78. 


DIAGNOSTIC FLOWCHART 


TM 9-2320-387-24-1 


REFERENCE INFORMATION ELECTRICAL 


BATTERY VOLTAGE 
STE/ICE-R TEST 67 


1. Start Test 67, battery voltage. 


2. Displayed reading is in volts. Batteries should 
be 23-25.5 volts. Batteries' voltage will drop 
when glowplugs tum on. 


BATTERY VOLTAGE 
MULTIMETER 


1. Set the vottmeter to a OC volts scale of at 
least 40 volts. 


2. Connect the RED lead to positive and the 
BLACK lead to negative. 


3. Be sure to read the correct scale. 
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ELECTRICAL 


BATTERY/ENGINE GROUND CIRCUIT 


FROM BODY GROUND 


CIRCUIT 

BODY CLUTCH GLOW PLUG 

GROUND FAN TIMER CONTROLLER 

3c 93 93A 

ENG 
FROM 
BODY 30 COLD FUEL 
ADVSOL | SOL 
58A Ea 


NATOR 


7A 


ptm 
SOA SLAVE CONNECTORS 


BATTERY 
NEGATIVE 


2-90 
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ELECTRICAL 


BODY GROUND CIRCUIT 
90A 
958 
osF 
95C 
95G 95E 
REAR 
LIGHTS HIGH BEAM 
INDICATOR 
LAMP 
W/S WIPER 
95A = S7L MOTOR 
HOOD HARNESS rx]: 
CONNECTOR =a 57 


S7L 
574 | HAZARD/TURN 
PARK BRAKE SIGNAL 
LAMP SWITCH 57J FLASHER 


1A LEVEL 
FUEL | SENDER 
ron 58J 
BRAKE 588 
WARN 
sw S8A 


LEFT SIDE ENGINE 
CYLINDER HEAD 


BODY GROUND 


58D a 
ce] 
| ome | 


TO ALTERNATOR 
(SEE BATTERY/ENGINE GROUND CIRCUIT) 
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ELECTRICAL 


FRONT HOOD/LIGHTS GROUND CIRCUIT 


Ls RS 
LS LS BLACKOUT RS RS 
MARKER aORORE HEADLIGHT HEADLIGHT uOOULE MARKER 


eS | oe 
BODY BODY 92E 91C 92 7 
GRD GRO 91B 
$2 92D 
92D 


91 


92 


HOOD HARNESS 
CONNECTOR 


2-92 


BATTERY CIRCUIT INTERFACE on 


TA 


HOOOO444404 OOO OO4O488 


GLEE LAPELEPPETAEMAPHEREBOPEPOEEEAEPELAAELEELELOAEE AEDES 


PPPPPPEPFIPDMPEPOL POPPA ECAPOP@& LPC SEP CLefprse 


4 
_ 8 
& 
A 


BWUBUWUVUBEA HDLEEEDSDEDODOE9249448. 


BUSS BAR 


POWER STUD 
CJ . ) 
vf 
STARTER 


ALL CIRCUITS MUST RETURN 
THROUGH VEHICLE GROUND. 
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SHADED AREA IS VEHICLE 
MASTER POWER _ 
BA to DCA pin X 
7D to DCA pin W 
7B to DCA pin F 
9A to DCA pin Y 
stl fecorececcceceees BATTERY BOX 
SLAVE CONNECTOR 
6C to OCA pin V 
6B to DCA pin E 
6A 
BUSS BAR 
74A trom PCB pin | 
engine connector 
74B to DCA 
pins 


81A to PCB pin E engine connector 
81B to DCA pin T 


30 to DCA pin M 


ELECTRICAL 
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ELECTRICAL STARTER CIRCUIT INTERFACE 
GROUND STUD © ne 
: Ne SHADED AREA IS VEHICLE — 
: 3 : MASTER POWER 
sa :. 
TODCA 3 .: 
PIN X : ; 
: SLAVE CONNECTOR 
POWER STUD Midas. 6A (STEACE-R TEST 67, BATTERY VOLTAGE) 
ENGINE © ee 
CONNECTOR 


Y Abita 


we atte Lt Pee 
- 


STARTER 
CONTROL 
CIRCUIT 


meneneeens 


2A 


7A (STEACE-R TEST 69, STARTER NEGATIVE CABLE VOLTAGE DROP) 


S| ss prake (C) (1) <ul ENGINE. BODY t—~—<CS 
CONNECTOR 
ALTERNATOR 
OUTPUT 
ALTERNATOR AC OUTPUT 
STARTER 
SOLENOID 


BUSS BAR 


BUSS BAR 


748 TO DCA PINS 
(STEACE-R TEST 70, STARTER 
SOLENOIO VOLTS) 


poem ere ey Mae Se ne teas on 


618 TO DCA PIN T (STEACE-R TEST 
68, STARTER MOTOR VOLTAGE) 


3D TO DCA PIN M 
ALL CIRCUITS MUST RETURN 
THROUGH VEHICLE GROUND. 
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ALTERNATOR INTERFACE ELECTRICAL 


SHADED AREA IS VEHICLE 
MASTER POWER 


ENGINE MECHANICAL POWER 
FROM CRANKSHAFT VIA BELT AND PULLEYS. 


28-VOLT, 200-AMP 
ALTERNATOR 


See edo 
315A 


TO COLD ADVANCE 


ENGINE RUN 
PRIMARY 


BATTERIES 
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ELECTRICAL INSTRUMENTS CIRCUIT INTERFACE 


™" SHADED AREA IS VEHICLE = 
Soe xe MASTER POWER. 223 


TO 
PROTECTIVE 
CONTROL BOX 


290 


27H 27G 275 S67A 27F 27L 


OIL 
PRESSURE 
GAUGE 


VOLTMETER 
GAUGE 
CIRCUIT 


TEMPERATURE 
GAUGE 
CIRCUIT 


CIRCUIT cIRCUIT 
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GLOW PLUG CIRCUIT INTERFACE ELECTRICAL 
ENGINE RUN PRIMARY eee eae ee eT 
croun> YP _ ALTERNATOR IGLOW PLUG CONTROLLER 
(A.C. TAP) 
S ® : 
f 5 Sire ee sec gre 6 ris . anes 7 SHADED AREA [S VEHICLE 
MASTER POWER 


58Q 
62Q 
w 
bo ae St Ste Sal ewe oe ee eel oe ’ 
459 570 
meen een an te w enna milion ~,' ENGINE RUN SECONDARY INSTRUMENT POWER 
' E-8 EC ‘ 
' O) 
4 
’ 
1 
’ cat f-scceerereeeee PROTECTIVE CONTROL BOX (PCB) 
1 B-D 
~ 
N 


t 
8 
1 
| 
1 
t 
' 
| 
t 
t 
| fee 7 
- STIA Way 
t 
' 
WAIT TO START LAMP 
hae ‘ 
8 
a 
' 


GLOW PLUGS 
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ELECTRICAL FUEL SYSTEM INTERFACE 


TANK VENT 
& FILTER 


STRAINER x 
aa 


FUEL 
PUMP 


SUCTION 
LINE 


PUMP VENT LINE 


FUEL PUMP 
PRESSURE 


RETURN 
TRANSDUCER 


LINES 


FUEL FILTER/WATER 
SEPARATOR 


LOW-PRESSURE 
LINE 


SHADED AREA IS VEHICLE 
MASTER POWER 


544 


COLD 
ADVANCE 
SOLENOID 


HIGH-PRESSURE LINE (ONE TO 
EACH FUEL INJECTOR) 


FUEL INJECTOR 
(8 TOTAL) 


@/ii 
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2-28. FUEL SYSTEM TESTS 


These fuel system tests can be run any time you think there may be a problem with the fuel system 
or if you were sent here from another test. 


If you are running this test because the engine runs rough, remember that air intake and exhaust as 
well as internal mechanical problems can also cause this condition. 


At the bottom of this page is a simplified block diagram which shows how the different fuel system 
components relate to each other. Refer to fold-ouf page FP- and leave open for reference while you are 
testing. 


AND 
STRAINER 


MECHANICAL 
DRIVE 


BATTERY/ 
ALTERNATOR 


COLD 
ADVANCE 
SOLENOID 


ENGINE GOVERNOR 
MECHANICAL 
INJECTORS DRIVE 
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FUEL SYSTEM C start > DIAGNOSTIC FLOWCHART 


TEST OPTIONS 


VISUAL INSPECTION, SAMPLED 
WHILE CRANKING OR RUNNING. 
THIS QUESTION ONLY CHECKS 
THE SUPPLY OF FUEL IN THE 
TANK AND TESTS TO SEE IF ITIS 
GETTING TO THE INJECTOR 
PUMP. THIS IS NOT A TEST OF 
FUEL PRESSURE. 


NOTHING IS THE FUEL SUPPLY AND 


QUALITY OK? 


POSSIBLE PROBLEMS 


FUEL LINES 
FUEL FILTER 
FUEL PUMP 
FUEL SOLENOID (9) 


REASON FOR QUESTION 
Without a supply of good fuel, 
none of the components in the 

fuel system can be expected to 
work properly. 


GOTO A, 


INJECTION PUMP Page 2-108 


INJECTORS 


TEST OPTIONS 
TRY STARTING THE ENGINE. 


FUEL AVAILABLE AND 


pean acetal DOES THE ENGINE START 


AND STAY RUNNING? 


POSSIBLE PROBLEMS 
REASON FOR QUESTION 


COLD ADVANCE 
GLOW PLUGS 
FUEL LINES 
FUEL FILTER 
FUEL PUMP 

INJECTION PUMP (No) 
FUEL SOLENOID 

RETURN CHECK VALVE > 


if it starts, you know that there is 
fuel available and the fuel 
solenoid is working. 


GO TO 8B, 
Page 2-110 


TEST OPTIONS 


TRY STARTING THE ENGINE 
WHILE ITS COLD. 


FUEL SOLENOID OK 
FUEL OK 


DOES THE ENGINE START 
EASILY WHEN COLD? 


REASON FOR QUESTION 


POSSIBLE PROBLEMS 


COLD ADVANCE 
FUEL LINES 
FUEL FILTER 


FUEL PUMP 
INJECTION PUMP (No) 


Problem may be the cold 
advance circuit. 


GO TOC, 
Page 2-114 


INJECTORS 


<> 


GO TO 4, 
2-100 \ Page 2-102 


REFERENCE INFORMATION 


MAKE SURE ALL ELECTRICAL CONNECTIONS 
ARE CLEAN AND TIGHT. CHECK FUEL SOLENOID, 
COLD ADVANCE SOLENOID, BATTERIES, ROTARY 
SWITCH, ETC. 


1. While cranking or running the engine, 
open the drain fitting and drain some fuel 
into a clear container. 

2. The fuel should come out of the open 
‘drainvalve in a steady stream. If it 
doesn't, then answer NO to this 
question. 

* NOTE: Nothing will come out unless the 
engine is running or cranking. 

3. Close the drainvalve and tum the rotary 
switch to STOP. 

4. Check the fuel that came out to be sure 
that it isn't contaminated with water or 
Girt. 

5. If the fuel didn't come out in a steady 
stream or if it is contaminated, answer 
NO to this question. 


If you have trouble starting the engine, you 
should have entered here by way of the 
startability tests. If you didn't begin there, go 
back té_ page 2-45 and run the startability top 
level test. 


At this point, you don't care how weil it starts 
or runs but just that it will run. 


The answer to this question its NO if the 
engine seems to start but stops almost 
immediately. 


Engine temperature may be determined 
from vehicle temp. gauge (rotary switch 
must be in RUN position) or by touching 
the engine. If it is too hot to touch com- 
fortably, it is above 120° F (49° C). 


Hard starting can be caused by other 
things such as fuel in the lines leaking 
back into the tank while the engine is 
shut down. This will occur if there is an 
air leak in the lines. 


TM 9-27°0-387-24-1 


FUEL SYSTEM 


WARNING 


Diese! fuel is highly flammable. 
Do not perform any procedures 
near fire, flames, or sparks. 
Severe injury or death will result. 


WARNING 


A hot engine may cause serious 
burns. Always use caution 
when approaching a hot engine. 


FUEL FILTER DRAIN FITTING 
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FUEL SYSTEM FROM 3, DIAGNOSTIC FLOWCHART 
Page 2-100 


TEST OPTIONS 


FUEL SOLENOID OK 
COLD ADVANCE OK 


IS THE FUEL SUPPLY PRESSURE 
GREATER THAN 3 PSI (20.69 kPa) 
AT ALL SPEEDS? 


1. STE/ICE-R TEST 24 
(Page 2-494) 


2. PRESSURE GAUGE 
POSSIBLE PROBLEMS 


GO TOD, REASON FOR QUESTION 


Page 2-116 


FUEL LINES 
FUEL FILTER Ces) 


FUEL PUMP 


This is to verify that the fuel 
supply lines, fuel pump, and fue! 
filter are OK. 


KNOWN INFO 


FUEL SOLENOID OK 
COLD ADVANCE OK 


POSSIBLE PROBLEMS 


FUEL LINES 
FUEL FILTER 
FUEL PUMP 


TEST OPTIONS 


IS THE FUEL VOLUME AT THE 
INJECTION PUMP INLET 1 PINT IN 
30 SECONDS WHILE CRANKING? 


Fuel pump volume test 


GO TOD, 
Page 2-116 


REASON FOR QUESTION 


This is to verify that the fuel 
supply lines, fuel pump, and fuel 
filter are OK. 


FUEL PUMP 6 TEST OPTIONS 


AAO ERs DOES THE ENGINE RUN SMOOTHLY?9 SATCHAND LISTEN TO 


POSSIBLE PROBLEMS (no) 


INJECTION PUMP 
INJECTORS 
FUEL SUPPLY LINES 


FUEL RETURN LINES 
RETURN CHECK VALVE << 


GO TOE, 
Page 2-120 


REASON FOR QUESTION 


If it runs smoothly, then it is not 
an individual cylinder fault such 
as a bad injector. 


TEST OPTIONS 
STE/ICE-R TEST 10 (Page 2-490) 


FUEL LINES, PUMP 
AND FILTER OK 


IS THE IDLE SPEED 700 TO 750 
RPM? 


SEE 
INFORMATION 


POSSIBLE PROBLEMS 


REASON FOR QUESTION 


This is to verify that the idle 
speed is adjusted properly. 


AT RIGHT. 


INJECTION PUMP 
INJECTORS 
EXHAUST RESTRICTED 


GO TO 8, 
Page 2-104 
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REFERENCE INFORMATION 


Watch the fuel pump pressure while slowly 
accelerating the engine from idle to maximum speed. 
The pressure should always be greater than zero. If 
you can drive the vehicle while measuring the 
pressure, check to be sure it is still above zero even 
during maximum acceleration (maximum engine 
power). You can use STE/ICE-R test 24 with control 
function 02 (minimum). 


NOTE 


Rapidly accelerating the engine with the 
transmission in neutral doesn't work for this 
engine because the fuel supply can't increase as 
fast as the engine can accelerate so you won't 
get good test results. 


Proper engine performance depends 
upon the availability of the correct fuel 
volume to the injection pump. 


Pay attention to when the engine runs rough. If it 
runs rough oniy while warming up after a cold start, it 
may be a glow plug problem and you should run the 
Glow Plug Circuit tests. 

Rough running may also be caused by air leaks in the 
fuel supply lines. Air in the fuel should purge itself 
while idling. If rough running occurs after a period of 
high speed or high power running but seems to go 
away after idling, then look for air leaks in the fuel 
supply lines and fittings. If rough running occurs while 
driving but idles ok, check the fuel return check valve 


for any malfunctions[{para. 3-36). 


Try to adjust the engine idle speed by 
turning the idle speed screw[(para. 3-45). 
Continue testing if you can adjust the 
speed properly. If you cannot, notify 

DS maintenance (chapter 14). 


Engine must be at normal operating temperature 
when making speed checks. Air filter must be in 
place and all accessories (lights, heater fan, etc.) 
must be tumed off. 

This engine has a min-max governor which controls 
engine speed at both idle and full throttle. 


TM 9-2320-387-24-1 


FUEL SYSTEM 


FUEL PUMP VOLUME TEST 


1. Disconnect fuel fine at injection pump inlet 
and route fuel line into a suitable 1 quart 
(1 liter) container. 


2. Crank the engine for 30 seconds. 


3. If the pump and lines are ok, you should get 
about 1 pint (1/2 quart) (.5 L) in 30 seconds. 


FUEL PUMP PRESSURE 
STEACE-R TEST 24 


(STE/ICE already connected to DCA and 
tumed on) 


1. Select Fuel Supply Pressure test, 
Test 24. 


2. Perform CAL. 


3. Crank (or start) the engine. 


NOTE : STE/ICE-R can display a pressure 
below 0. Be sure to notice if the display is 
negative. 


FUEL PUMP PRESSURE TEST 
PRESSURE GAUGE 
1. Connect a tee into the fuel line between 
the fuel filter outlet and the injection 
pump inlet. 


2. Attach gauge to tee. 
3. Crank (or start) engine. 


ENGINE RPM 
STE/ACE-R TEST 10 


1. Start Test 10, Engine RPM. 


2. Crank or start the engine. Displayed 
reading is RPM. Cranking rpm should 
be at least 100 rpm. Idie rom 
should be 700-750. 
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FUEL SYSTEM DIAGNOSTIC FLOWCHART 


FROM 7, 
Page 2-102 


IS MAXIMUM GOVERNOR 
SPEED 

4,000 RPM NO LOAD? 
3,600 LOADED? 


TEST OPTIONS 


FUEL LINES, PUMP AND 
FILTER OK 


STE/ICE-R TEST 10 (Page 2-490) 


POSSIBLE PROBLEMS 


REASON FOR QUESTION 


INJECTION PUMP Verify governor speed. 
INJECTORS 


EXHAUST RESTRICTED 


GO TOF, 
Page 2-124 


Beas | TEST OPTIONS 


FUEL PUMP OK IS ENGINE POWER OK? 
FUEL FILTER OK 


1. STE/ICE-R TEST 13 
(Page 2-492) 


2. ROAD TEST 


POSSIBLE PROBLEMS REASON FOR QUESTION 


Some fuel system faults and 
bad fuel may cause low power 
and have passed the eartier 
tests. 


INJECTION PUMP 
INJECTORS 
RETURN CHECK VALVE 


GO TOF, 
Page 2-124 


TEST OPTIONS 


VISUAL 


INJECTION PUMP OK 


IS THE EXHAUST COLORLESS? 


REASON FOR QUESTION 
Exhaust smoke may indicate 


POSSIBLE PROBLEMS 


INJECTORS conditions such as oil, water, 
AIR CLEANER or excessive fuel entering 
PUMP TIMING SEE the cylinders. 

CDR VALVE (No) INFORMATION 

RETURN CHECK VALVE 


AT RIGHT. 


GO TO 11, 
Page 2-106 
2-104 


TM 9-2320-387-24-1 


REFERENCE INFORMATION | FUEL SYSTEM 


ENGINE RPM 
STEACE-R TEST 10 


1. Start Test 10, Engine RPM. 


Governor no-load speed is 

with the transmission in 
neutral. Loaded speed is 

with the transmission in 

gear and the vehicle moving. 

‘It is the maximum rpm the 
engine will develop. The engine 
will surge at govemor speed 
since the govemor will try to 
lower the engine speed and the 
accelerator is trying to increase it. 


2. Crank or start the engine. Displayed 
reading is RPM. Cranking rpm should be 

approximately 100-200. Idle mpm should be 
700-750. 


ENGINE POWER TEST (PERCENT) 
STEACE-R TEST 13 
. Set TEST SELECT switches to 13. 
. Press and release TEST button. 
. Wait for prompting message CIP to appear. 
. When CIP appears on display, press down 
sharply on engine accelerator and hold it 
to the floor. When VTM displays OFF, release 
accelerator. 
5. Anumber will be displayed after the 
engine has retumed to idle speed. This 
number is the test result in units of percent 
of nominal rated power. 


WN — 


A number over 75 is passing for STE/ICE-R 
test 13. If the vehicle seems to be low on 
power while driving, you have to check for 
other things which could cause this such 

as the transmission. 

To try a road test, accelerate the vehicle 
from 0 to a safe and reasonable speed on 

a reasonably level road. 


if the exhaust is not colorless, it must 
be either white, biue, or black. If 
exhaust color is: 


WHITE.......... Go to G, Also could be injector timing. Notify 0S maintenance (chapter 14). 
BLUE... Bive smoke is a sign of oil entering the combustion 


chambers. It usually enters past the piston rings or intake 
valve stem seals. This is an internal engine problem that 
can't be handied at this level of maintenance. You may 
want to run the engine running tests,bage 2-51) before you 
notify OS maintenance (chapter 14). 


BLACK......... Air intake/exhaust, page 2-141. 
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FUEL SYSTEM 


INJECTORS OK 


POSSIBLE PROBLEMS 


FUEL SOLENOID 
OTHER INJECTION PUMP 
FAULTS 


EVERYTHING SO 
FAR IS OK 


POSSIBLE PROBLEMS 


INJECTION PUMP 
ADVANCE MECHANISM 


DIAGNOSTIC FLOWCHART 


FROM 10, 
Page 2-104 


DOES THE ENGINE SHUT OFF? 


TEST OPTIONS 


TURN ROTARY SWITCH TO STOP. 


REASON FOR QUESTION 


If everything is ok, the engine will 
shut off with the rotary switch in 
the stop position. 


(No) GO TO H, 
Page 2-128 


CES) 
12 | 


TEST OPTIONS 


IS THE INJECTION PUMP'S FROCEOURE AT RIGHT 


ADVANCE MECHANISM 
FUNCTIONING PROPERLY? 


REASON FOR QUESTION 


This will let you know if the 
pump’s advance mechanism 
is Ok. 


NOTIFY DS 
MAINTENANCE 
(CHAPTER 14). 


DO YOU STILL HAVE A FUEL 
SYSTEM PROBLEM? 


NO FUEL SYSTEM FAULTS FOUND. IF YOU 
CAME HERE FROM ANOTHER TEST, 
RETURN TO THAT TEST NOW. OTHERWISE, 
YOU'RE DONE. 


RERUN THESE TESTS 
TO MAKE SURE YOU 
DION'T MISS ANYTHING. 


2-106 


REFERENCE INFORMATION 


1. Note engine rpm reading (STE/ICE-R TEST 10). 


2. Gently depress rocker arm on pump 
towards injection pump. 


3. If mechanism is functioning properly, 
rpm will decrease. 


4. If mechanism doesn't move freely, try 
putting a drop of oil in the two spots 
indicated. Gently try to depress rocker 
arm again. 


TM 9-2320-387-24-1 


FUEL SYSTEM 


INJECTION PUMP AS SEEN FROM 
REAR OF ENGINE. GENTLY PRESS 
SCREWDRIVER AGAINST ARM. USE 
A 10-IN. SCREWDRIVER. 
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FUEL SYSTEM ad: DIAGNOSTIC FLOWCHART 


Page 2-100 


TEST OPTIONS 


FUEL SUPPLY 
PROBLEM 


DOES FUEL FLOW FROM THE 
FILTER DRAIN IN A STEADY 
STREAM? 


POSSIBLE PROBLEMS 


FUEL PUMP 
FUEL FILTER 


FUEL LINES 
VENT LINES (No) GO TO D, 
Page 2-116 


DRAIN THE FILTER AND 
RECHECK FOR WATER OR 

OTHER CONTAMINATION IN 
FUEL. 


REASON FOR QUESTION 


This is to determine if there is 
any fuel available to the filter. 


TEST OPTIONS 


DRAIN SOME FUEL. 


SOME FUEL AVAILABLE 
AT FILTER 


REASON FOR QUESTION 


Water or dirt in fuel can damage 
fuel system components, 
especialty the injection pump 
and injectors. 


POSSIBLE PROBLEMS 


IS THE FUEL CLEAN? 


FUEL PUMP 
FUEL FILTER 
FUEL LINES 


VENT LINES (No) 
Cres) 


GO TO D, 
Page 2-116 


DRAIN AND 
REFILL WITH 
FRESH FUEL. 

CHANGE FILTER. 
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REFERENCE INFORMATION FUEL SYSTEM 


If no fuel arrives when cranking engine, 
the diaphragm in the lift pump may 

be ruptured, allowing the fuel to 

drain back into the tank. 


There may be some water or dirt trapped 
in the filter already that didn’t come from 
the fuel that is in the tank now. 

Open the filter drainvalve and crank the 
engine for approximately 5 seconds to 
purge the filter, then take a fuel sample in 
a clear container. 

Inspect the sample for water and dirt. 


Replace fuel filter[{(para. 3-34). 
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FUEL SYSTEM 


ENGINE DOESN'T STAY 
RUNNING 


POSSIBLE PROBLEMS 


FUEL PUMP 

FUEL SUPPLY LINES 
FUEL RETURN LINES 
FUEL FILTER 

FUEL SOLENOIDMIRING 
HIGH-PRESSURE SYSTEM 


KNOWN INFO 


OTHER SYSTEMS 
LISTED ABOVE OK 


POSSIBLE PROBLEMS 


FUEL PUMP 

rUEL SUPPLY LINES 
FUEL RETURN LINES 
FUEL FILTER 

FUEL SOLENOID/WIRING 
HIGH-PRESSURE SYSTEM 


FUEL PUMP OK 
FUEL SUPPLY LINES OK 
FUEL FILTER OK 


POSSIBLE PROBLEMS 


FUEL RETURN LINES 
FUEL SOLENOID/WIRING 
HIGH-PRESSURE SYSTEM 
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B 
FROM 2, DIAGNOSTIC FLOWCHART 
Page 2-100 
| B1 | TEST OPTIONS 
DISCONNECT THE GLOW PLUG STE/ICE-R TEST 89 
CONTROLLER AND WIRE 569B (Page 2-506) 


FROM THE INJECTOR PUMP. MAKE 
SURE THAT WIRE 54A IS PROPERLY 
CONNECTED TO THE INJECTOR 
PUMP. WITH THE ROTARY SWITCH 
IN RUN POSITION, DO YOU HAVE AT 
LEAST 17.0 VOLTS DC FLOWING 
THROUGH WIRE 54A? 


(No) GOTON, 
C YES ) Page 2-136 


RECONNECT THE ABOVE WIRES. 
CHECK FUEL PUMP PRESSURE 
AND VOLUME DURING CRANKING. 
IS PUMP PRESSURE GREATER 
THAN 3 PSI (20.69 kPa) AND FUEL 
VOLUME AT THE INJECTION PUMP 
INLET 1 PINT IN 30 SECONDS? 


MULTIMETER 


REASON FOR QUESTION 
Current through the wire quickly 
checks the integrity of the fuel 
system wiring. The normal 
reading will be about 1.3 to 1.5 
amps. 


TEST OPTIONS 


1. STE/ICE-R TEST 24 
(Page 2-494) 


2. FUEL PUMP VOLUME TEST 


REASON FOR QUESTION 
Positive pressure and volume 
indicate that fuel is present and 
supply lines and filter are not 
plugged. This is a test of the lift 
pump. 


GO TOD, 
Page 2-116 


(x9) 


TEST OPTIONS 


DOES THE ENGINE START AND 
STAY RUNNING WITH THE FUEL 
RETURN LINE (THE SHORT 

RUBBER LINE AT THE INJECTOR 
PUMP) DISCONNECTED? 


(No) GOTO, 
Page 2-130 


Cres) 


PUT THE RETURN LINE INA 
SUITABLE CONTAINER AND 
TRY STARTING THE ENGINE. 


REASON FOR QUESTION 


A restricted fuel return line will 
Cause a pressure imbalance in 

the pump and prevent the engine 
from running. 


GO TO B4, 
Page 2-112 
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REFERENCE INFORMATION FUEL SYSTEM 


DC CURRENT 0 - 45 VOLTS 
STE/CE-R TEST 89 


1. Connect RED clip to the indicated test point: 
BLACK clip to negative or ground. 


When using a multimeter to measure current through 
wire 54A, disconnect the wire. Set the ammeter to a 
scale of at least 5 amps DC. Connect the red lead of 
the multimeter to wire 54A and the biack lead to 
ground. With the rotary switch in the RUN position, 
measure current. Be sure to read the correct scale. 
Retum the switch to the STOP position. Disconnect 
the multimeter and reconnect wire 54A. 


2. Start Test 89, DC Volts. 


3. Displayed reading is in volts. 


FUEL PUMP PRESSURE TEST 
PRESSURE GAUGE 


1. Connect a tee into the fuel line between the 
fuel filter outlet and the injection pump intet. 


FUEL SUPPLY PRESSURE (PSI) 
STE/CE-R TEST 24 


1. Select Fuel Supply Pressure Test (Test 24). 
Perform CAL. 


2. Attach gauge to tee. 


2. Crank (or start) engine. 3. Crank (or start) engine. 


FUEL PUMP VOLUME TEST 


1. Disconnect fuel line at injection pump inlet and 
route fuel line into a suitable, 1 quart container. 


GLOW PLUG 
CONTROLL 


2. Crank the engine for 30 seconds. 


3. If the pump and lines are ok, you should get 
about 1 pint (1/2 quart) (.5 L) in 30 seconds. 


—_—_———— FUELS 
WARNING pecan WIRE 569B 


Diese! fuel is highly flammable. 
Do not perform any procedures 
near fire, flames, or sparks. 
Severe injury or death will result. 


1. Disconnect the return line and 
direct it into a suitable container. 


2. Watch the fuel flow from the 


return line as you or an assistant 
try to start the engine. 
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FUEL SYSTEM 


FUEL SOLENOID AND 
WIRING OK 


POSSIBLE PROBLEMS 


FUEL RETURN LINES 
INJECTION PUMP 
INJECTORS 

RETURN CHECK VALVE 


RETURN LINES OK 


POSSIBLE PROBLEMS 


INJECTION PUMP 
INJECTORS 


RETURN LINES OK 


POSSIBLE PROBLEMS 


INJECTION PUMP 
INJECTORS 
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DIAGNOSTIC FLOWCHART 
Page 2-110 


TEST OPTIONS 


VISUAL 


DOES THE ENGINE RUN POORLY 
WITH THE RETURN LINE 
DISCONNECTED? 


REASON FOR QUESTION 


Plugged fuel retum lines cause 
back pressure which prevents 
injection pump from working 
property. 


REPAIR/ REPLACE 
FUEL INJECTOR 
RETURN LINES. 


TEST OPTIONS 


AIR INTAKE/EXHAUST TESTS 
(Page 2-141) 


RUN THE INTAKE/EXHAUST 
TESTS. 

RETURN HERE IF NO FAULTS 
FOUND. 


REASON FOR TESTS 


There is still a possible air 
intake/exhaust fault. If you came 
here from startability, this wasn't 
tested. 


TEST OPTIONS 


COULD NOT VERIFY IF THERE !S 
AN INJECTOR OR INJECTION 
PUMP PROBLEM. 

NOTIFY DS MAINTENANCE 
(CHAPTER 14). 
REASON FOR TESTS 
A complete test of the fuel pump 
and injectors can't be done at this 
level of maintenance but most fuel 
problems that would keep the 
engine from starting have been 
checked. 


TM 9-2320-387-24-1 


REFERENCE INFORMATION FUEL SYSTEM 


Return lines should be inspected for 
kinks or crushed lines or anything that 
might restrict fuel flow. 


inspect fuel retum check valve for any 


restrictions. Replace valve(para. 3-36). 
Replace fuel lines((para.3-26). 


If you came here from the startability 
tests, return to STEP 5, page 2-48. 

If you haven't run the startability tests 
yet, go to STEP 1, page 2-46. 
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FUEL SYSTEM tas DIAGNOSTIC FLOWCHART 
Page 2-100 


KNOWN INFO 


HARD COLD STARTING 


TEST OPTIONS 


DISCONNECT WIRE 569B FROM 
COLD ADVANCE SOLENOID. WITH 
ROTARY SWITCH IN RUN POSITION, 
IS THERE BATTERY VOLTAGE AT 
WIRE 569B? 


1. STE/ICE-R TEST 89 (Page 2-506) 


2. MULTIMETER 


POSSIBLE PROBLEMS 


REASON FOR QUESTION 


COLD ADVANCE Need battery voltage to energize 
CIRCUIT cold advance solenoid. 
GLOW PLUG CIRCUIT 


FUEL SYSTEM 


(No) GO TOM, 
Page 2-134 


RECONNECT WIRE 569B. IS 
THE COLD ADVANCE CIRCUIT 
WORKING? 


TEST OPTIONS 


POWER TO COLD 
ADVANCE SOLENOID 


PERFORM CHECKS AT RIGHT. 


POSSIBLE PROBLEMS 


COLD ADVANCE 


REASON FOR QUESTION 


Cold advance circuit can cause 


CIRCUIT hard coid starting. 
GLOW PLUG CIRCUIT 
FUEL SYSTEM NOTIFY DS 
MAINTENANCE 


(CHAPTER 14). 


TEST OPTIONS 

ae ADVANCE CIRCUIT RUN GLOW PLUGS CIRCUIT 
TESTS. IF NO FAULTS FOUND, 

CONTINUE FUEL SYSTEM TESTS. 


1. GLOW PLUGS CIRCUIT TESTS 
(Page 2-289) 


2. FUEL SYSTEM TESTS 


REASON FOR TESTS 


POSSIBLE PROBLEMS 


The glow plug circuit operates 


GLOW PLUG CIRCUIT during coid start. 


FUEL SYSTEM 
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REFERENCE INFORMATION FUEL SYSTEM 


DC VOLTAGE 0-45 VOLTS 
STE/ICE-R TEST 89 


1. Connect RED clip to positive, BLACK clip to 
negative or ground. 


The engine temperature must be below 90° F (32°C) 
to get voltage here. If the engine is warm, either wait 
for it to cool, or go to step C3 at the bottom of the 
page and remember that the cold advance may be 
the problem if everything else checks out OK. 


2. Start Test 89, DC Volts. 


3. Displayed reading is in volts. 


BATTERY VOLTAGE 
MULTIMETER 


1. Set the voltmeter to a DC volts scale of at least 
40 volts. 


The glow plugs or the intake/exhaust system may 
be faulty, so you should test them first. 


2. Connect the RED !ead to positive and the 


The cold advance circuit advances the fuel injection BLACK lead to negative. 


pump timing approximately 3 to 5 degrees during 
cold start-up. If engine temperature is less than 
90°F (32°C), then advance circuit operation may be 
checked as follows: 


3. Be sure to read the correct scale. 


GLOW PLUG 


1. Start the engine. CONTROLLER 


2. Disconnect wire 569B from the advance 
solenoid. tf the circuit is working correctly, 
then engine mpm should decrease. 

3. Look at the advance mechanism on the right 
side of the fuel injection pump while you connect 
and disconnect 569B with the engine running. 
The advance mechanism should move about 
1/4 in. 

4. If the advance mechanism is stuck, apply 
some oii at the points shown and try again. 


a 


FUEL SOLENOID 


WIRE 5698 


Remember to reconnect any wires 
that were disconnected during 
troubleshooting. 


ADVANCE MECHANISM 


INJECTION PUMP AS SEEN 
FROM REAR OF ENGINE 
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FUEL SYSTEM D DIAGNOSTIC FLOWCHART 
FROM 4, 5, Page 2-102; 
A1, A2, Page 2-108; 
B2, Page 2-110 
| ss KNOWNINFO. | |_D1 | TEST OPTIONS 


LOW FUEL PUMP 
PRESSURE 


LISTEN FOR A HISS WHEN YOU 
REMOVE THE FUEL FILLER CAP. 
CAN YOU REMOVE THE FILLER 

CAP WITHOUT HEARING A HISS? 


VISUAL 


REASON FOR QUESTION 


A plugged vent line will 
eventually cause enough 
negative pressure in the tank to 
prevent fuel flow. 


POSSIBLE PROBLEMS 


FUEL PUMP 
FUEL FILTER 
FUEL LINES 


VENT LINES 
FUEL PRESSURE (No) 
TRANSDUCER 


REPLACE VENT 
FILTER/ REPAIR 
LINE. 


KNOWN INFO TEST OPTIONS 
VENT LINES OK 
LOW FUEL PUMP 
PRESSURE 


IS THE TEMPERATURE ABOVE 
20°F (-7°C) ? 


VISUAL 


REASON FOR QUESTION 


When the temperature is less 
than 20°F (-7°C), wax flakes 
can build up on the fuel tank 
Strainer or in the fuel filter. 


POSSIBLE PROBLEMS 


FUEL PUMP 
FUEL LINES 
FUEL FILTER 
FUEL PRESSURE 
TRANSDUCER 


CHECK FOR A 
WAX BUILD-UP IN TANK 
STRAINER OR FILTER. 
USE AN ANTIWAX AGENT 
IF AVAILABLE. BLEED 
FUEL SYSTEN AND 
CONTINUE TESTING. 


TEST OPTIONS 


1. DCA TROUBLESHOOTING 
(Page 2-479) 


FUEL FILTER OK 

NO WAX BUILD-UP 

VENT LINES OK 

LOW FUEL PUMP 
PRESSURE 

FUEL LINES 


IF YOU USED THE DCA TO 
MEASURE FUEL SUPPLY 
PRESSURE, IS THE 
STE/ICE-R, DCA, AND 
TRANSDUCER OK? 


Ss REPAIR/REPLACE 


AS NECESSARY. 


GO TO D4, 
Page 2-118 
2-116 


2. USE A PRESSURE GAUGE TO 
MEASURE FUEL SUPPLY. 


REASON FOR QUESTION 


POSSIBLE PROBLEMS 


Before condemning fuel 
pump, make sure that the 
pressure transducer is 

working. 


FUEL PUMP 
FUEL PRESSURE 
TRANSDUCER 


TM 9-2320-387-24-1 


REFERENCE INFORMATION FUEL SYSTEM 


If you hear a hissing noise while removing the 
fuel filter cap, either the vent filter is plugged, the 
vent line is restricted, or the vent valve is 
restricted. The vent filter is located behind the 
coolant surge tank. 


Replace vent lines or vent line filter 


(para. 3-28). 
Repiace vent valve((pata--3=29). 


Diese! fue! is sensitive to temperature. All diesel 
fuel has a certain amount of paraffin-like 
components which have high energy value and 
help improve fuel economy. When temperatures 
are less than 20°F (-7°C), these components 
begin turning into wax flakes that can build up on 
the fuel tank strainer or in the fuel filter. If wax 
build-up is found, replace the fuel in the tank with 
a winter grade of fuel if available. You will have 
to remove the fuel tank if you need to inspect the 


tank strainer (pata—3-25). 


TANK 
STRAINER! 
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FUEL SYSTEM FROM D3, DIAGNOSTIC FLOWCHART 
Page 2-116 


TEST OPTIONS 
VISUAL 


FUEL FILTER OK 
NO WAX BUILD-UP 
VENT LINES OK 
LOW FUEL PUMP 
PRESSURE 


INSPECT THE FUEL LINES. 
ARE THE LINES OK? 


POSSIBLE PROBLEMS 


FUEL PUMP 
FUEL LINES 
FUEL PRESSURE 
TRANSDUCER REPAIR/ 
(No) REPLACE 
LINES. 


REASON FOR QUESTION 


Kinked fuel lines will 
restrict fuel flow. 


TEST OPTIONS 


NO WAX BUILD-UP VISUAL 


VENT LINES OK 
LOW FUEL PUMP 
PRESSURE 


POSSIBLE PROBLEMS 


FUEL PUMP 
FUEL LINES 


FUEL FILTER 
FUEL PRESSURE (No) REPLACE FUEL 
TRANSDUCER FILTER. 


REMOVE FUEL PUMP. 


INSPECT THE FUEL FILTER. 
REMOVE THE FILTER ELEMENT 
AND CHECK IT FOR DIRT AND 

OTHER CONTAMINATION. 


REASON FOR QUESTION 


IS THE FILTER ELEMENT CLEAN? 


A dirty filter will restrict fuel flow. 


TEST OPTIONS 
VISUAL 


FUEL LINES OK 


eo ape ae INSPECT FUEL PUMP PUSHROD 
; AND CAMSHAFT LOBE. 
tow EUEL Ame ARE ALL OF THESE PARTS IN 


PRESSURE GOOD CONDITION? 
TRANSDUCER OK REASON FOR QUESTION 
If the components that drive 
POSSIBLE PROBLEMS the fuel pump are worn, 


the pump will not operate 
propery. 


FUEL PUMP 
(No) SEE NOTE 
AT RIGHT. 


REPLACE THE 
FUEL PUMP. 
RETURN TO THE 
TEST YOU CAME FROM 
AND CONTINUE TESTING. 
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REFERENCE INFORMATION 


Fuel lines should be inspected for 
kinks, Cracks, or anything that would 
restrict fuel flow or allow air to enter 
the lines. Be sure to check the lines 
all the way back to the tank and 
remember that there is a strainer 
-inside the tank which can become 
plugged. You will have to remove 
the tank if it becomes necessary to 
check this. 


Replace fuel lines[{(para. 3-2a). 


Poor starting and excessive smoke after 
Start-up can be the result of a restricted 
fuel supply. This restriction most likely will 
be from a plugged fuel filter but can also 
be caused by a pinched or kinked fuel line. 
After the engine warms up, it generally will 
run satisfactorily. If the restriction gets 
progressively worse, top speed and 
performance will also be affected. 


FUNGUS 

In warm or humid weather, fungi and/or 
bacteria in the fuel can cause fuel system 
damage by plugging the fuel lines, filter, or 
injection nozzles. 


For removal, replacement, and torques, 
refer to[pafa. 3-34 or notify DS 
maintenance (chapter 16). 


Excessive roughness on any of these 
parts is an indication of wear. The 
pushrod should slide smoothly in the 
engine block. If you notice any 
roughness on the end of the pushrod, 
be sure to check the lobe on the 
camshaft. 


NOTE 


If the pump or rod is worn, replace 
(Para. 3-24). If the lobe on the 
camshaft is worn, notify DS 
maintenance (chapter 16). 


Rerun Test Chain 


You may have corrected some 
problems but there may be others 
including the fuel pump. 


For removal, replacement and torques, 


refer to[para. 3-24] 


FUEL PUMP 


TM 9-2320-387-24-1 


FUEL SYSTEM 
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FUEL SYSTEM a : DIAGNOSTIC FLOWCHART 
FROM 6, 
Page 2-102 


RUN GLOW PLUGS CIRCUIT 
RUNNING ROUGH RUN THE GLOW PLUG TESTS. TESTS (Page 2-289). IF YOU ARE 
RETURN HERE IF NO FAULTS SURE THAT THE PROBLEM 


EXISTS WHEN THE ENGINE IS 
WARM, YOU CAN SKIP THIS 
QUESTION. 


REASON FOR QUESTION 


FOUND. 


POSSIBLE PROBLEMS 


GLOW PLUGS 
COLD ADVANCE 
FUEL LINES 
FUEL PUMP 
FUEL FILTER 
INJECTION PUMP 
INJECTORS 


Glow plug failures can cause 
rough running when cold. 


TEST OPTIONS 


COLD ADVANCE TESTS 
(Page 2-114) 


GLOW PLUGS OK 


CHECK COLD ADVANCE CIRCUIT. 
GO TO STEP C2, PAGE 2-114. 
RETURN HERE IF NO FAULTS 
FOUND. 


POSSIBLE PROBLEMS 


REASON FOR QUESTION 


COLD ADVANCE 
FUEL LINES 
FUEL PUMP 
FUEL FILTER 
INJECTION PUMP 
INJECTORS 


A faulty cold advance circuit can 
cause rough running. 


GO TOES, 
Page 2-122 
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TM 9-2320-387-24-1 


REFERENCE INFORMATION FUEL SYSTEM 


Injection pump timing that is too far 
advanced can cause glow plugs 
failure because it increases cylinder 
temperature. Usually several, but 
not all, glow plugs will fail. 
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FUEL SYSTEM 


COLD ADVANCE OK 


POSSIBLE PROBLEMS 


FUEL LINES 

FUEL PUMP 

FUEL FILTER 
INJECTION PUMP 
INJECTORS 

RETURN CHECK VALVE 


SUPPLY LINES OK 


POSSIBLE PROBLEMS 


FUEL LINES 

FUEL PUMP 

FUEL FILTER 
INJECTION PUMP 
INJECTORS 

RETURN CHECK VALVE 


KNOWN INFO 


FUEL PUMP OK 


POSSIBLE PROBLEMS 


INJECTION PUMP 
INJECTORS 
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FROM ED, DIAGNOSTIC FLOWCHART 
Page 2-120 . 


ARE THE FUEL SUPPLY LINES 
OK? 


VISUAL 


REASON FOR QUESTION 


Air leaks, lack of fuel, or 
restricted check valve can cause 
REPAIR/ rough running at different speeds. 
REPLACE 


LINES. 


TEST OPTIONS 


ARE THE FUEL RETURN LINES 
OK? 


VISUAL 


REASON FOR QUESTION 


Restricted return lines or 
restricted check valve can cause 
the injection pump to malfunction. 


(No) REPAIRV 
REPLACE 
: LINES. 
ES. TEST OPTIONS 
A COMPLETE CHECK OF THE 


COMPRESSION/MECHANICAL 
INJECTION PUMP AND TESTS (Page 2-147) 
INJECTORS CANNOT BE DONE AT 
THIS LEVEL OF MAINTENANCE, 
BUT YOU HAVE COVERED MOST 
FUEL SYSTEM PROBLEMS THAT 
WOULD CAUSE THIS CONDITION. 
IF YOU STILL HAVE A PROBLEM, 
YOU MAY WANT TO RUN THE 
COMPRESSION/MECHANICAL 
TESTS BEFORE YOU NOTIFY DS 
MAINTENANCE (CHAPTER 14). 


TM 9-2320-387-24-1 


REFERENCE INFORMATION FUEL SYSTEM 


CAUTION 


Be sure to keep the line clear of 
moving engine parts (fan, pulleys, etc.) 
and DO NOT place the line on the 
exhaust manifold. 


Replace fuel lines;(para—3-26). 


Check the filter vent screw for tightness. 

Check the supply lines for kinks, cracks, leaks, or loose 
connections that could restrict fuel flow or allow air to enter the 
system. Remember that under certain operating conditions parts 
of the fuel system can be under vacuum so that loose connections 
that may not leak fue! can let air in. 

To test for air leaks in the supply lines, disconnect the return line 
from the injection pump and connect a line that is long enough to 
reach the ground. Place the end of the line into a bucket 
containing diesel fuel, making sure that the end of the line is below 
the level of fuel in the bucket. Run the engine and watch for air 
bubbles in the bucket. You can also replace the short retum line 
from the injector pump with a clear piece of tubing to check for 
bubbles. 


Inspect the retum lines for kinks or any other 
blockage that may restrict fuel flow. 
Inspect fue! return check valve for any 


restrictions [(para. 3-36)] 
Replace fuel line[(para. 3-26). / 


i 
| 


FUEL RETURN LINE 
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F 
FROM 8or9, 
Page 2-104 


FUEL SYSTEM DIAGNOSTIC FLOWCHART 


TEST OPTIONS 


FUEL FILTER OK INSPECT FUEL SUPPLY AND 


RETURN LINES. 
ARE THE LINES OK? 


VISUAL 


POSSIBLE PROBLEMS 


FUEL PUMP 
ACCELERATOR LINKAGE 
FUEL LINES 

INJECTION PUMP REPAIR 
INJECTORS (NO) REPLACE 
INTAKE/EXHAUST LINES. 
RETURN CHECK VALVE CyxES 


REASON FOR QUESTION 


Kinked fuel lines will restrict fue! flow. 
Partially blocked retum lines may 
cause the injection pump to 
malfunction. Air leaking into the fuel 
will also cause loss of power. 


TEST OPTIONS 


FUEL LINES OK 
FUEL FILTER OK 


ARE THE INTAKE AND EXHAUST 
SYSTEMS OK? 


AIR INTAKE/EXHAUST 
TESTS (Page 2-141) 


POSSIBLE PROBLEMS 


INTAKE/EXHAUST 

FUEL PUMP 
ACCELERATOR LINKAGE 
INJECTION PUMP 

INJECTORS (No) 


REASON FOR QUESTION 


The intake and exhaust systems 
affect vehicie operation under all 
conditions. 


GO TO AIR 
INTAKE/EXHAUST 
TESTS, Page 2-141 


KNOWN INFO 


FUEL PUMP OK 
FUEL LINES OK 
FUEL FILTER OK 


TEST OPTIONS 


WITH ENGINE NOT RUNNING, 
CHECK MOVEMENT OF 
ACCELERATOR PEDAL. 


VISUAL 


DOES PEDAL HAVE FULL 
TRAVEL? 


POSSIBLE PROBLEMS 


ACCELERATOR LINKAGE 
INJECTION PUMP 
INJECTORS 


REASON FOR QUESTION 


If the pedal sticks, you may not 
be able to fully open the throttle. 


NOTIFY DS 
MAINTENANCE 
(CHAPTER 14). 
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REFERENCE INFORMATION 


CAUTION 


Be sure to keep the line clear of 
moving engine parts (fan, pulleys, etc.) 
and DO NOT place the line on the 
exhaust manifold. 


Fuel lines should be inspected for kinks, cracks, or 
anything that would restrict fuel flow or allow air into 
the lines. Be sure to check the fines all the way 
back to the tank and remember that there is a 
Strainer inside the tank which can also become 
plugged. 

To test for air leaks in the supply lines, disconnect 
the retum line from the injection pump and connect 
a line that is long enough to reach the ground. 
Place the end of the line into a bucket containing 
diesel fuel, making sure that the end of the line is 
below the level of fuel in the bucket. Run the 
engine and watch for air bubbles in the bucket. 


Replace fuel line({para. 3-26). 


Check the accelerator pedal for tull movement 
with no sticking or binding. If you have sticking 
or binding, lubricate accelerator pedal bushing 
and bearing with seasonal grade OE oil 

(TM 9-2320-387-10). If you do not have full 
pedal! travel, disconnect the accelerator linkage 
from the fuel injection pump and recheck the 
travel. If you now have full travel, the problem is 
in the fuel injection pump and cannot be handied 
at this level of maintenance. 


Operation of the injection pump and injectors 
cannot be verified at this level of maintenance. 


TM 9-2320-387-24-1 


FUEL SYSTEM 


An important function of all hoses, lines, and fittings is to 
carry fuel without admitting air to the system. When the fuel 
tank cap is in place and the fuel pump and injection pump 
are drawing fuel through the lines, a low vacuum of 0-1 PSI 
is created. This occurs because the fuel which the engine 
uses must be replaced by air. During this vacuum 
condition, the slightest leak, which may not leak fuel out, 
could draw air into the system and, depending on the 
volume of air, cause a wide variety of engine malfunctions. 


COLD WEATHER OPERATION 

Diesel fuel is sensitive to temperature. All diesel fuel has a 
certain amount of wax-like components which have high 
energy value and help improve fuel economy. When 
temperatures are less than 20°F (-7°C), these components 
begin turning into flakes that can build up on the fuel tank 
strainer or in the fuel filter. 


FUNGUS 

!n warm or humid weather, fungi and/or bacteria can cause 
fuel system damage by plugging the fuel lines, filter, or 
injection nozzles. 


ODOR 
Old fuel smelis like vamish. 
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FUEL SYSTEM 


WHITE SMOKE 


POSSIBLE PROBLEMS 


INJECTION TIMING 

INTERNAL ENGINE 
PROBLEMS 

FUEL QUALITY 


WHITE SMOKE 


POSSIBLE PROBLEMS 


INJECTION TIMING 

INTERNAL ENGINE 
PROBLEMS 

FUEL QUALITY 

RETURN CHECK VALVE 


KNOWN INFO 


GLOW PLUGS OK 
WHITE SMOKE 


POSSIBLE PROBLEMS 


ENGINE MECHANICAL 
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G 
FROM 10, 
Page 2-104 


TEST OPTIONS 


PUT A PIECE OF PAPER IN THE 
EXHAUST STREAM THEN 
LOOK AT AND SMELL IT FOR 
SIGNS OF UNBURNT FUEL. 


DOES THE EXHAUST SMELL LIKE 
RAW FUEL? 


REASON FOR QUESTION 


White smoke indicates fuel not 
being bummed in the cylinders, or 
possible loss of coolant to the 

exhaust. 


GO TO J, 
Page 2-132 


TEST OPTIONS 


VISUAL 


DOES THE EXHAUST SMOKE 
FOR MORE THAN 2 OR 3 
MINUTES AFTER STARTING 
THE ENGINE? 


REASON FOR QUESTION 


Some white smoke after a cold start 
is normal. The colder it is, the more 
white smoke you'll see. The glow 
plugs keep cycling after the engine 
Starts which will reduce this smoking. 
!f you think that there is too much 
smoke after a cold start, run the glow 
plugs circuit tests[((page 2-289), 
paying special attention to the 
afterglow operation. 


GO TO STEP 10, 
Page 2-104 


TEST OPTIONS 


RUN THE GLOW PLUGS CIRCUIT 
TESTS. IF NO FAULTS FOUND, 
NOTIFY DS MAINTENANCE 
(CHAPTER 14). 


GLOW PLUGS CIRCUIT TESTS 
(Page 2-289) 


REASON FOR QUESTION 


If the glow plugs are not 
functioning properly, the cylinders 
will not warm up as rapidly as 

they should. 


DIAGNOSTIC FLOWCHART 
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REFERENCE INFORMATION 7 FUEL SYSTEM 


WARNING 


Be careful when performing 
this test. Exhaust gas can 
be extremely hot and severe 
burns can result. 


Put a piece of paper in the exhaust stream for a few 
moments with the engine at idle. Then look at the paper 
to see if there is any condensed fuel on it. Then smell 
the paper to see if it smells like raw fuel. If it smells like 
fuel, the engine could be very cold or else ithas a DS 
level fuel system fault or compression fault. 


White smoke for a short time after start-up, 
especially on a cold day, is a normal condition. 
It is caused by incomplete combustion of the 
fuel because of low cylinder temperature. It 
should clear up in a few minutes. If not, you 
may have a bad head gasket, cracked block, 
or a restricted check valve. Check for 


restricted check valve[(para. 3-36). 


2-127 


TM 9-2320-387-24-1 


FUEL SYSTEM FROM 11, DIAGNOSTIC FLOWCHART 
Page 2-106 @ 
Ht TEST OPTIONS 
ENGINE WON'T SHUT DISCONNECT WIRE 54A FROM LISTEN. 
OEE FUEL SOLENOID. 


DOES THE ENGINE SHUT OFF? 


POSSIBLE PROBLEMS 


FUEL SOLENOID 
SOLENOID WIRING 


ROTARY SWITCH 
CONTROL BOX (No) GOTO K, 
Page 2-132 


TURN ROTARY SWITCH TO 


REASON FOR QUESTION 


If the engine doesn't shut off, the 
solenoid is mechanically stuck 
open. 


TEST OPTIONS 


FUEL SOLENOID OK 1. STE/ICE-R TEST 89 


ENGINE WONT SHUT STOP. DISCONNECT BODY (Page 2-506) 
CONNECTOR AT PROTECTIVE 
CONTROL BOX. ai 
IS VOLTAGE 0 AT WIRE 54A AT 


POSSIBLE PROBLEMS FUEL SOLENOID? 
SOLENOID WIRING 
ROTARY SWITCH 
CONTROL BOX 


REASON FOR QUESTION 


If voltage is 0, the problem is in 
the wiring hammess to the switch 
or in the switch. 


TEST OPTIONS 


CONTROL BOX OK 

FUEL SOLENOID OK 

ENGINE WONT SHUT 
OFF 


POSSIBLE PROBLEMS 


SOLENOID WIRING 
ROTARY SWITCH 


RECONNECT BODY 
CONNECTOR. 
DISCONNECT WIRE 11A FROM 
ROTARY SWITCH. 

IS VOLTAGE 0 AT WIRE 54A AT 
FUEL SOLENOID? 


1. STEACE-R TEST 89 
(Page 2-506) 


2. MULTIMETER 


REASON FOR QUESTION 


This wire supplies power to the 
rotary switch. There shouid be 
no power to the solenoid with it 
disconnected. 


REPAIR SHORT IN 
BODY CONNECTOR 
HARNESS. 


REPLACE ROTARY SWITCH. RERUN FUEL 
SYSTEM TEST TO VERIFY THERE ARE NO 


2-128 OTHER FAULTS. 


REFERENCE INFORMATION 


WARNING 


Keep hands away from engine 
fan. Moving fan blades can 
cause serious injury. Use 
extreme caution when engine 
is running. 


WARNING 


Disconnect negative battery cable before 
disconnecting and reconnecting protective 
control box harness. 


“WARNING 
There is battery voltage at the PCB at all 
times. Failure to disconnect battery cable 
will result in damage to equipment or injury 
to personnel. 


Rotary switch must remain in 
STOP position for the rest of 
these tests. 


REAR OF ROTARY SWITCH 


NOTE 


Carefully inspect the body connector end of 
the hamess for a short. Check for pushed 
out pins, broken or stripped insulation, or any 
other bare wires. if everything checks out 
OK, you have to replace the hamess. 


Remember to reconnect any wires that may 
have been disconnected during 
troubleshooting. 


Repair hamess_(para. 4-80). 


Replace rotary switch((para. 4-10). 


TM 9-2320-387-24-1 


FUEL SYSTEM 


DC VOLTAGE 0-45 VOLTS 
STE/ICE-R TEST 89 


1. Connect RED clip to positive, BLACK clip to 
negative or ground. 


2. Start Test 89, DC Volts. 


3. Displayed reading ts in volts. 


DC VOLTAGE 
MULTIMETER 


1. Set the voltmeter to a DC volts scale of at least 
40 volts. 


2. Connect the RED lead to positive and the 
BLACK lead to negative. 


3. Be sure to read the correct scale. 


WIRE 54A 


INJECTION PUMP 
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{ 
FUEL SYSTEM pact eS: DIAGNOSTIC FLOWCHART 


Page 2-110 


TEST OPTIONS 
VISUAL 


DID A STREAM OF FUEL COME 
OUT OF THE INJECTOR PUMP 
RETURN LINE WHILE IT WAS 
CRANKING? 


FUEL SUPPLY OK 
FUEL RETURN OK 
SOLENOID WIRING 


POSSIBLE PROBLEMS 


FUEL SOLENOID 
INJECTION PUMP 
INJECTORS 


REASON FOR QUESTION 


To see if there is fuel available to 
the injection pump. 


TEST OPTIONS 


IS THE GLOW PLUGS CIRCUIT 
OK? (IF YOU DON'T KNOW, RUN 
THE GLOW PLUGS CIRCUIT 
TESTS; RETURN HERE IF NO 
FAULTS FOUND). 


FUEL AVAILABLE TO 
THE INJECTION PUMP 


GLOW PLUGS CIRCUIT TESTS 
(Page 2-289) 


REASON FOR QUESTION 


On a coo! day a faulty glow 
plug circuit will prevent the 
engine from starting. 


POSSIBLE PROBLEMS 


FUEL SOLENOID 
INJECTION PUMP 
INJECTORS 

GLOW PLUGS (nd) GO TO GLOW 


PLUGS, 


Cves ) Page 2-289 


COLD ADVANCE 


GLOW PLUGS OK 


TEST OPTIONS 


DISCONNECT WIRE 569B FROM 


1. STE/ICE-R TEST 89 
THE COLD ADVANCE SOLENOID. 


(Page 2-506) 


WITH ROTARY SWITCH IN THE 2. MULTIMETER 
RUN POSITION, DO YOU HAVE 


BATTERY VOLTAGE AT 


REASON FOR QUESTION 


POSSIBLE PROBLEMS 


FUEL SOLENOID WIRE 5698? On a cold day, a faulty cold 
INJECTION PUMP advance circuit will prevent the 
INJECTORS engine from starting. 
COLD ADVANCE (NO) REPAIR 569B or 

C YES) REPLACE HARNESS. 


FAULTY INJECTION 
PUMP; NOTIFY OS 
MAINTENANCE (CHAPTER 14). 
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REFERENCE INFORMATION 


Check the rubber retum line from the injection 
pump to the steel tubing return line. 


If the rubber line is not clogged, go to D1, 
page 2-116. 


\f the line is clogged, replace it. Start the 
engine and see if it stays running. If it 
doesn't start or stay running, retum to J1 
and continue testing. There may be another 
fuel system fault preventing fuel from 
reaching this point. 


if the cold advance solenoid is getting power, 
the only possibilities that would keep the engine 
from starting are that fuel is not reaching the 
cylinders due to a fault in the high-pressure 

side of the fuel system or nearly all the cylinders 
have very low compression. It is unlikely that 

all the cylinders would lose compression at 

the same time, but you may want to run a 
Compression Unbalance test (STE/ICE-R 

Test 14) to check this. 


Repair/replace harness_(para. 4-80). 
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FUEL SYSTEM 


DC VOLTAGE 0-45 VOLTS 
STE/JCE-R TEST 89 


1. Connect RED clip to the indicated test point, 
BLACK clip to negative or ground. 


2. Start Test 89, DC Volts. 


3. Displayed reading is in volts. 


BATTERY VOLTAGE 
MULTIMETER 


1. Set the voltmeter to a DC volts scale of at least 
40 volts. 


2. Connect the RED iead to positive and the 
BLACK lead to negative. 


3. Be sure to read the correct scaie. 


FUEL RETURN LINE 


INJECTION PUMP WIRE 569B 
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FUEL SYSTEM DIAGNOSTIC FLOWCHART 


J 
FROM G1, 
Page 2-126 


DOES THE ENGINE LOSE 
EXCESSIVE COOLANT? 


KNOWN INFO 


TEST OPTIONS 


WHITE SMOKE 


LOOK AT COOLANT LEVEL IN 
SURGE TANK. 


POSSIBLE PROBLEMS 


COOLANT IN 
CYLINDERS 


REASON FOR QUESTION 
If the engine loses coolant but not 
from leaks in the lines, hoses, heater 
or radiator, it may have a crack or 
blown gasket in the engine. 


SEE 
INFORMATION AT 
RIGHT. 


NOTIFY DS 
MAINTENANCE 
(CHAPTER 14). 


ENGINE WON'T SHUT 


OFF TEST OPTIONS 


USE PLIERS TO SQUEEZE FUEL 
RETURN LINE AT INJECTION 
PUMP. 


POSSIBLE PROBLEMS 


FUEL SOLENOID 


ROTARY SWITCH OK 


REASON FOR TEST STEP 


There is an internal injector 
pump problem that is preventing 
shutting off the engine. This 

procedure will cause it to stall. 


L 
FROM H2, 
Page 2-128 


NOTIFY DS 
MAINTENANCE 
(CHAPTER 14 


TEST OPTIONS 


RECONNECT BODY CONNECTOR. 
DISCONNECT ENGINE 
CONNECTOR FROM PROTECTIVE 
CONTROL BOX. 

IS VOLTAGE 0 AT WIRE 54A AT 
THE FUEL SOLENOID? 


1. STE/ICE-R TEST 89 
(Page 2-506) 


2. MULTIMETER 


REASON FOR QUESTION 


POSSIBLE PROBLEMS 


CONTROL BOX 
SOLENOID WIRING 


If there is a voltage reading, there 
is a short in the wiring hamess. 


REPAIR SHORT 
IN ENGINE 
CONNECTOR 
HARNESS. 


REPLACE PROTECTIVE 
CONTROL BOX. 
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REFERENCE INFORMATION ) FUEL SYSTEM 


If you are getting white smoke due to coolant entering the cylinders, 
you should notice a loss of coolant in the radiator or bubbles in the 
radiator tank while the engine is running. You may need to fill the 
radiator to proper level and recheck a day later to determine if there is 
a caolant joss. 


if you don't detect coolant loss, you may have missed a fuel problem. 
Rerun the fuel system tests paying attention fora raw exhaust smell. 


if you still find nothing, you may have a small or inconsistant leak. 
Notify DS maintenance (chapter 14). 


WARNING 


Keep hands away from engine 
fan. Moving fan biades can 
cause serious injury. Use 
extreme caution when engine 
is running. 


If the engine doesn't shut off with the solenoid 
disconnected, fuel is still reaching the cylinders— 
probably because the fuel solenoid is stuck 
open. When you squeeze the return line tight 
enough to prevent fuel flowing through it, you 
create a pressure imbalance inside the injection 
pump that will cause the engine to stall. 


INJECTION PUMP 


DC VOLTAGE 0-45 VOLTS 
STE/CE-R TEST 89 


WARNING 1. Connect RED clip to the indicated test point, 
Disconnect negative battery BLACK clip to negative or ground. 


cable before disconnecting and 
reconnecting protective control 
box harness. 


WARNING 


There is battery voltage at the 
PCB at all times. Failure to 
disconnect battery cable will BATTERY VOLTAGE 
result in damage to equipment or MULTIMETER 
injury to personnel. 


2. Start Test 89, DC Volts. 


3. Displayed reading is in voits. 


1. Set the voltmeter to a DC voits scale of at least 


Remember to reconnect any wires that may 40 volts. 

have been disconnected during 

troubleshooting. 2. Connect the RED lead to positive and the 
Repair/replace hamess (para. 4-80)] BLACK lead to negative. 


Replace PCBL(para. 4-4). 3. Be sure to read the correct scale. 
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FUEL SYSTEM eae DIAGNOSTIC FLOWCHART 
Page 2-114 


TEST OPTIONS 


ENGINE CRANKS 
NO VOLTAGE AT ADVANCE 
SOLENOID. 


1. STECE-R TEST 89 (Page 2-506) 


WITH ROTARY SWITCH IN RUN 
POSITION, DO YOU HAVE 

BATTERY VOLTAGE AT WIRE 5A 
AT THE ALTERNATOR OUTPUT? 


2. MULTIMETER 


POSSIBLE PROBLEMS 


PCB 
COLD-ADVANCE SWITCH 
WIRING 


REASON FOR QUESTION 


With rotary switch in RUN posi- 
tion, W5A is connected to battery 
voltage through the PCB and it 
supplies power to the coid-advance 
switch. 


RUN 
(No) ALTERNATOR 
DIAGNOSTICS. 


TEST OPTIONS 


PCB OK 

ENGINE CRANKS 

NO VOLTAGE AT ADVANCE 
SOLENOID 


1. STE/ICE-R TEST 89 
(Page 2-506) 


DISCONNECT WIRE 569 AT COLD 
ADVANCE SWITCH. WITH ROTARY 
SWITCH IN RUN POSITION, DO 
YOU HAVE BATTERY VOLTAGE 

AT WIRE 569? 


2. MULTIMETER 


POSSIBLE PROBLEMS 


REASON FOR QUESTION 


if you have no voltage here, the 
problem may be the cold-advance 
switch. 


COLD-ADVANCE SWITCH 
WIRING 


REPAIR 569, 
(No) REPLACE 


HARNESS. 


TEST OPTIONS 


PCB OK 

ENGINE CRANKS 

NO VOLTAGE AT ADVANCE 
SOLENOID 


POSSIBLE PROBLEMS 


COLD-ADVANCE SWITCH 
WIRING 


1. STE/AICE-R TEST 89 
(Page 2-506) 


RECONNECT WIRE 569. 
DISCONNECT WIRE 569B FROM 
COLD-ADVANCE SWITCH WITH 
ROTARY SWITCH IN RUN 
POSITION. DO YOU HAVE BATTERY 
VOLTAGE AT SWITCH LEAD? 


2. MULTIMETER 
(SEE NOTE AT RIGHT.) 


REASON FOR QUESTION 


If you don't have voltage here, the 
probiem is the switch. 


REPLACE 
(no) COLD-ADVANCE 


CYES ) SWITCH. 


REPAIR 569B, 
REPLACE 
HARNESS. 
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REFERENCE INFORMATION FUEL SYSTEM 
DC VOLTAGE 0-45 VOLTS 
STE/CE-R TEST 89 


1. Connect RED clip to positive, BLACK clip to 
negative or ground. 


2. Start Test 89, DC votts. 


3. Displayed reading is in volts. 


You should only run the engine 
long enough to determine the 
gauge reading because engine 
temperature must stay below 
90° F (33° C) for the cold-advance 
circuit to function. 


1. Set the voltmeter to a OC volts scaie of at least 
40 volts. 


2. Connect the RED lead to positive and the 
BLACK iead to negative. 


3. Be sure to read the correct scale. 


LD-ADVANCE 
SWITCH 


~ €O 


. Shut off engine. 

2. Disconnect wire 569 at coid- 
advance switch. 

3. Tum rotary switch to RUN 
position. 

4. Check for battery voltage at wire 

569. 

COLD-ADVANCE CIRCUIT 


Repair/replace hamess Alternator output is hot 
Ceolbas when the rotary switch is 


in the RUN position. 


Cold-advance switch is 


closed when engine 
WITC temperature is below 
NOTE 90°F (33°C) and open 
Engine temperature a aa 
must be less than 90°F . 
(33° C) when testing 
the switch. The cold-advance 
solenoid advances the 
injection pump timing 
when it receives power 
Replace cold-adavance from the switch. This 
switch (para. 4-37)] helps the engine run 


better when it is cold. 


Repair/repiace hamess 


(para. 4-80). 
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FUEL SYSTEM FROM Bt, DIAGNOSTIC FLOWCHART 


Page 2-110 @ 
| NI TEST OPTIONS 


DISCONNECT ENGINE CONNECTOR 
HARNESS FROM THE PCB. 


NO VOLTAGE AT FUEL 
SOLENOID 


1. STE/ICE-R TEST 91(Page 2-508) 


2. MULTIMETER 
DO YOU HAVE CONTINUITY FROM 
SOCKET A IN THE CONNECTOR 
HARNESS TO WIRE 54A LOCATED 
AT THE FUEL SOLENOID? 


REASON FOR QUESTION 


POSSIBLE PROBLEMS 


PCB 
ROTARY SWITCH 
WIRING 


If you have continuity here. 
the problem may be the PCB. 


REPAIR 54A, 
569, OR 
REPLACE HARNESS. 


ey 


WIRING TO FUEL DISCONNECT THE BODY 
SOLENOID OK CONNECTOR FROM THE PCB. 

WITH THE ROTARY SWITCH IN 

THE RUN POSITION, DO YOU 

HAVE AN OPEN CIRCUIT BETWEEN 

SOCKET B AND SOCKET G IN THE 

CONNECTOR HARNESS? 


TEST OPTIONS 


1. STE/ICE-R TEST 91 (Page 2-508) 


2. MULTIMETER 


POSSIBLE PROBLEMS 


PCB 
ROTARY SWITCH 
WIRING 


REASON FOR QUESTION 
If you have continuity, 

you may have a 

problem with the rotary switch 
or the wiring. 


GO TO N6, 
(NO) Page 2-138 


TEST OPTIONS 


WIRING TO FUEL 
SOLENOID OK 


DISCONNECT WIRE 29A AT THE 
ROTARY SWITCH. 

DO YOU HAVE CONTINUITY 
BETWEEN WIRE 29A AT THE 
ROTARY SWITCH AND SOCKET B 
IN THE BODY CONNECTOR 
HARNESS? 


1. STE/ICE-R TEST 91 (Page 2-508) 


2. MULTIMETER 


REASON FOR QUESTION 


You need to find the open circuit 
between the PCB and rotary 
switch. 


POSSIBLE PROBLEMS 


PCB 
ROTARY SWITCH 
WIRING 


REPAIR 239A OR 
REPLACE HARNESS. 


GO TO N4, 
Page 2-138 
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REFERENCE INFORMATION 


WARNING 
Disconnect negative battery cable 


betore disconnecting and reconnecting 


PCB harness. 


WARNING 


* There is battery voltage at the PCB at 
all times. Failure to disconnect battery 
cable will result in damage to equipment 


or injury to personnel. 


Repair wiring[(para. 4-80)) 


Inspect wiring to be sure that all the wires 
are connected in their proper places. 


PCB ENGINE CONNECTOR 
(ON LEFT FENDER LINER) 


PCB BODY CONNECTOR 
(LOCATED UNDER DASHBOARD) 


Repair wiring/(para_4=80). 


Remember to reconnect any 
wires that were disconnected 
during troubleshooting. 
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FUEL SYSTEM 
FUEL SOLENOID WIRING 


ENGINE 
CONNECTOR 


FUEL 
SOLENOID 


BODY 
CONNECTOR 


ROTARY 
SWITCH 


RESISTANCE AND CONTINUITY 
0-4,500 OHMS 
STEACE-R TEST 91 


1. Connect RED clip and BLACK clip to the 
terminations indicated in the question. 
RED to the first, BLACK to the second. 


2. Start Test 91, 0-4,500 Ohms. 


3. Displayed reading is in ohms. Less than 
5 ohms is continuity. If the resistance is over 
4,500 ohms, STE/ICE-R displays .9.9.9.9. 


CONTINUITY (RESISTANCE) 
MULTIMETER 


1. Set the voltmeter to an ohms scale of about 
1,000 ohms. 


2. Connect the RED and BLACK leads to the 
connections stated in the question. 


3. Be sure to read the correct scale. Less than 5 
ohms indicates continuity. For an open circuit, 
the meter should peg full scale (needle all the 

way to the left). 


REAR OF ROTARY SWITCH 
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FUEL SYSTEM FROM N3, DIAGNOSTIC FLOWCHART 
Page 2-136 


DISCONNECT WIRE 11A 
FROM THE ROTARY SWITCH. 
DO YOU HAVE CONTINUITY 
BETWEEN WIRE 11A AT THE 
SWITCH AND SOCKET G IN THE 


1. STE/ICE-R TEST 91 (Page 2-508) 


2. MULTIMETER 


POSSIBLE PROBLEMS 


BODY CONNECTOR HARNESS? REASON FORTQUESTION 
PCB If this wire is ok, the problem 
ROTARY SWITCH may be in the rotary switch. 
WIRING 
(No) REPAIR W11A OR 

REPLACE 

HARNESS. 
WIRING OK WITH THE ROTARY SWITCH IN 


1. STE/JICE-R TEST 91 (Page 2-508) 


THE RUN POSITION, DO YOU 
HAVE CONTINUITY BETWEEN 
THE TERMINALS FOR WIRES 
11A AND 29A ON THE ROTARY 
SWITCH? 


(No) REPLACE ROTARY 
Oe) SWITCH. 


2. MULTIMETER 


POSSIBLE PROBLEMS 


PCB 
ROTARY SWITCH 


REASON FOR QUESTION 


If the rotary switch is ok, the 
problem is the PCB. 


RECONNECT THE BODY 

SOTARVeWTCHOK CONNECTOR HARNESS THEN 1. STE/ICE-R TEST 91 (Page 2-508) 
THE ENGINE CONNECTOR 2. MULTIMETER 

HARNESS. 

DO YOU HAVE CONTINUITY 

BETWEEN WIRE 29A AT THE REASON FOR QUESTION 


TEST OPTIONS 


POSSIBLE PROBLEMS 


ROTARY SWITCH AND WIRE 54A If there is no continuity, there is an 
AT THE FUEL SOLENOID? open inside the PCB. 


(No) REPLACE PCB. 


<3> 
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REFERENCE INFORMATION FUEL SYSTEM 


FUEL SOLENOID WIRING 


ENGINE 
CONNECTOR 


FUEL 
SOLENOID 


B 
CONNECTOR 


PCB BODY CONNECTOR 


ROTARY 
: SWITCH 
Repair/replace hamess[(para. 4-80). 


RESISTANCE AND CONTINUITY 
0-4500 OHMS 
STE/ICE-R TEST 91 


1. Connect RED clip and BLACK clip to the 
terminations indicated in the question. 


2. Start Test 91, 0-4,500 Ohms. 


3. Displayed reading is in ohms. Less than 5 ohms 
is continuity. If the resistance is over 4,500 


REAR OF ROTARY SWITCH 


CONTINUITY (RESISTANCE) 
MULTIMETER 


1. Set the voltmeter to an ohms scale of about 
1,000 ohms. 


WARNING 


Disconnect negative battery cable 
before disconnecting and 
reconnecting PCB harness. 


2. Connect the RED and BLACK leads to the 


WARNING connections stated in the question. 


There is battery voltage at the PCB at 
ail times. Failure to disconnect 
battery cabie will result in damage to 
equipment or injury to personnel. 
Be sure to reconnect the wires at the rotary switch 
and the fuel solenoid. 


Replace PCB[(para. 4-4). 


3. Be sure to read the correct scale. Less than 5 
ohms indicates continuity. For an open circuit, 
the meter should peg full scale (needle all the 

way to the left). 
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2-29. AIR INTAKE/EXHAUST TESTS | 


These air intake/exhaust system tests can be run any time you think there may be a problem 
with the air intake or exhaust systems, or if you were sent here from another test. 


At the bottom of this page is a simplified block diagram of the intake air/exhaust system. 
A detailed functional flow is not applicable to this system. 


The air intake/exhaust system is a very simple system that can cause very annoying 
problems. Whether the vehicle is hard to start or runs rough or never develops full power, 
it's worth the few minutes that it takes to check the components of this system. You can run 
through the diagnostic logic for this system almost any time you open the hood or check the 
underside of your vehicle. 


AIR FILTER / 
INDUCTION 
TUBE 


ENGINE 
INTERNAL 
(CYLINDERS, 
COMBUSTION) 


EXHAUST 
MANIFOLD 


EXHAUST PIPES, 
CATALYTIC 
CONVERTER, 
AND 
MUFFLER 
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INTAKE AIR/ EXHAUST C staat > . DIAGNOSTIC FLOWCHART 


TEST OPTIONS 
1. VISUAL 


NOTHING 


IS THE AIR FILTER 
ELEMENT OK ? 


2. DASHBOARD INDICATOR 


3. REMOVE AND INSPECT 
ELEMENT. 


REASON FOR QUESTION 


If the air filter is clogged, the 
engine will not develop full power. 
Engine may emit black smoke 

or it may not start at all. 


POSSIBLE PROBLEMS 


AIR FILTER 
INDUCTION SYSTEM 
EXHAUST PIPE 


MUFFLER @ 


REPLACE 
AIR FILTER 
ELEMENT. 


TEST OPTIONS 
VISUAL 


AIR FILTER OK IS THE INDUCTION SYSTEM 
INTACT AND NOT BLOCKED ? 
ARE ALL HOSE CONNECTORS 


TIGHT? 


REASON FOR QUESTION 


If the induction system is 
broken, debris may enter the 
engine past the air filter. 


POSSIBLE PROBLEMS 


INDUCTION SYSTEM 


EXHAUST PIPE 
MUFFLER REPAIR/REPLACE 
(No) INDUCTION SYSTEM 


COMPONENTS AS 
REQUIRED. 


TEST OPTIONS 


1. VISUAL 


AIR FILTER OK 
INDUCTION SYSTEM OK 


IS THE EXHAUST PIPE AND/OR 
CATALYTIC CONVERTER 
INTACT AND NOT BLOCKED ? 


2. CHECK FOR BENT OR DENTED 
EXHAUST PIPES OR CATALYTIC 
CONVERTER. 


REASON FOR QUESTION 


If the exhaust is broken or blocked, 
the engine will not develop full power 
or it may not start. 


POSSIBLE PROBLEMS 


EXHAUST 
MUFFLER 


Eee REPAIR/REPLACE | 
(No) INDUCTION SYSTEM 


COMPONENTS AS 
REQUIRED. 


GO TO 4, 
Page 2-144 
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REFERENCE INFORMATION INTAKE AIR/ EXHAUST 


First, check the air filter restriction gauge on 
the dashboard, just to the left of the steering 
wheel, and make a note of its reading. 

Open the air cleaner cannister, remove the 
air cleaner element and inspect it for dirt and 
other contaminants. Replace air filter 

[para. 3-13). Aclean air fitter is white. {f 
the condition of the filter does not agree with 
the gauge on the dashboard, make a note to 
check the gauge. See Instruments tests, 


Make sure that all mounting bolts are in 
piace and tight. Look for obvious things like 
a crushed or cracked air filter or air induction 
tube and check gaskets where possible. 
Replace induction system components 


Look for damage caused by rocks such 
as bent pipes or holes and loose or 
broken clamps. 


Small dents (depth less than 1/4 the 
diameter of the exhaust pipes) should 
not cause the pipes to be replaced as 
long as the pipes are intact. 


Replace induction system components 
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INTAKE AIR/ EXHAUST 


AIR FILTER OK 
INDUCTION SYSTEM OK 
EXHAUST PIPE OK 


POSSIBLE PROBLEMS 


MUFFLER 


2-144 


NO FAULTS FOUND. 


DIAGNOSTIC FLOWCHART 
FROM 3, 


TEST OPTIONS 
VISUAL 


IS THE MUFFLER INTACT 
AND NOT BLOCKED? 


REASON FOR QUESTION 
If the muffler is damaged or blocked, 
the engine will not develop full power 
or it may not start. 


REPAIR/ 
REPLACE 
MUFFLER. 


REFERENCE INFORMATION 


Look for damage caused by rocks such 
as bent pipes or holes, loose or broken 
clamps. 


Replace muffler{(para. 3-49). 


TM 9-2320-387-24-1 


INTAKE AIR/ EXHAUST 
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2-30. COMPRESSION/MECHANICAL TESTS 


The main intent of this paragraph is to determine if the engine has internal 
compression or mechanical problems and to fix everything possible without having 
to notify DS maintenance (chapter 14). 
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COMPRESSION / MECHANICAL C_ start > 


NOTHING 


POSSIBLE PROBLEMS 


ENGINE 
FUEL SYSTEM 

INTAKE/EXHAUST 
BATTERY CIRCUIT 
STARTER CIRCUIT 
LUBRICATION 


BATTERY CIRCUIT OK 
STARTER CIRCUIT OK 
ENGINE NOT SEIZED 


POSSIBLE PROBLEMS 


FUEL SYSTEM 
ENGINE 
INTAKE/EXHAUST 


KNOWN INFO 


BATTERY CIRCUIT OK 
STARTER CIRCUIT OK 
ENGINE NOT SEIZED 
AIR AND FUEL TO 
CYLINDERS 


POSSIBLE PROBLEMS 


LUBRICATION 
ENGINE 

FUEL SYSTEM 
INTAKE/EXHAUST 
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TEST OPTIONS 


DOES THE ENGINE CRANK AT STE/ICE-R TEST 10 (Page 2-490) 


NORMAL SPEED? 


REASON FOR QUESTION 


No cranking or slow cranking 
may indicate a seized or tight 

engine, weak batteries or a bad 
Starter circuit. 


TEST OPTIONS 


DOES THE VEHICLE START ? 


FOLLOW NORMAL STARTING 
PROCEDURE. 


REASON FOR QUESTION 


lf the engine starts, then most of the 
fuel system is ok and the 
intake/exhaust system is probably 
ok. 


GO TO 
STARTABILITY, 
Page 2-45 


TEST OPTIONS 


IS THE ENGINE OIL PRESSURE 1-O1L PRESSURE GAUGE 


40-45 PSI (276-310 kPa) AT 
2,000 RPM AND THE ENGINE 
WARM ? 


2. STE/ICE-R TEST 50 (Page 2-495) 


REASON FOR QUESTION 


Without proper oil pressure, the 
engine won't be lubricated property. 


GO TO 
LUBRICATION, 
Page 2-69 


Ces) 


GO TO 4, 
Page 2-150 
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REFERENCE INFORMATION COMPRESSION / MECHANICAL 


ENGINE RPM 
STEACE-R TEST 10 


1. Start Test 10, Engine RPM. 


A healthy engine should crank 
at least 100 rpm when it's cold 
and at least 180-200 mm 
when it's wan. 


2. Crank or start the engine. Displayed 
reading is RPM. Cranking mpm should be 
approximately 100-200. Idle rpm should 

be 625 - 675. 


If the engine doesn't crank at normal 
speed, it could be due to a starter or 
battery circuit fault or it may be due to 
an internal engine problem. 


OIL PRESSURE 
SENDING UNIT 


OIL PRESSURE 
STE/CE-R TEST 50 


Oil pressure may go as high as 80 psi 1. install STE/ICE-R 0 t01000 PSI (0-6,895 kPa) 
(552 kPa) if the engine is cold and transducer (blue stripe) in place of oil pressure 


should be 10 psi minimum at idle sending unit. 

speed. You should check the oil 

pressure with the STE/ICE-R (test 50) 2. Connect to STE/ICE-R TK connector J2 or J3. 
using 1,000 psi (6,895 kPa) transducer 

(blue stripe). Check pressure at idle 3. CAL with engine off. 

and at 2,000 rpm. If pressure is low, 

check oil level and condition. Add or 4. Start engine. Run test 50. With the engine 
change oil as required. warm, oil pressure should be 10 psi (69 kPa) 


minimurn at idle and 40-45 psi (275-310 kPa) at 
2,000 rpm. Pressure may go as high as 80 psi 
(552 kPa) when the engine is cold. 
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COMPRESSION / MECHANICAL DIAGNOSTIC FLOWCHART 
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TEST OPTIONS 


BATTERY CIRCUIT OK 
STARTER CIRCUIT OK 
ENGINE NOT SE!ZED 
AIR AND FUEL TO 
CYLINDERS 


REV THE ENGINE. DRIVE THE 
VEHICLE. 


DOES THE ENGINE SOUND 
NORMAL AND HAVE NORMAL 
VIBRATIONS AT ALL SPEEDS? 


REASON FOR QUESTION 
The first indication of a mechanical 
problem is an abnormal noise or 
vibration. Before running other tests 
to check for engine problems, this is 
to try to make sure that you don't 
make a bad problem worse. 


POSSIBLE PROBLEMS 


INTAKE/EXHAUST 
FUEL SYSTEM 
ENGINE 


GO TOB, 
Page 2-154 


| 5 | TEST OPTIONS 


DOES THE ENGINE PASS THE STE/ICE-R TEST 14 
COMPRESSION UNBALANCE (Page 2-493) 
TEST? 


BATTERY CIRCUIT OK 

STARTER CIRCUIT OK 

ENGINE NOT SEIZED 

AIR AND FUEL TO 
CYLINDERS 

FUEL SYSTEM OK 

INTAKE/EXHAUST OK 


POSSIBLE PROBLEMS 


REASON FOR QUESTION 
If the engine fails the cylinder 
unbalance test, it indicates an 
individual cylinder problem such as 
a bad fuel injector, excessive 
blowby, etc. 


STEERING TESTS. IF NO 
FAULTS FOUND, 
NOTIFY DS 
(CHAPTER 14). 


TEST OPTIONS 


BATTERY CIRCUIT OK 
STARTER CIRCUIT OK 
ENGINE NOT SEIZED 
AIR AND FUEL TO 
CYLINDERS 


STE/ICE-R TEST 13 
(Page 2-492) 


DOES THE ENGINE PASS THE 
POWER TEST? 


REASON FOR QUESTION 
Loss of power can be caused by 
internal engine problems, fuel 
system, air intake/exhaust, or 
drivetrain problems. 


POSSIBLE PROBLEMS 


ENGINE 
FUEL SYSTEM 
INTAKE/EXHAUST (No) 


GO TOC, 
PAGE 2-156 


NO FAULTS FOUND. 
IF YOU WERE SENT HERE FROM 
ANOTHER TEST, RETURN TO IT. 
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REFERENCE INFORMATION COMPRESSION / MECHANICAL 


This is not to evaluate driving performance. If the 

engine or the vehicle makes strange noises or 

vibrations at idle speed, don't rev the engine. If 

there is a problem internal to the engine, rewing 

the engine could cause major damage (like a rod GLOW PLUG 
coming through the engine block). CONTROLLER HARNESS 


1. Run tests 72, 73, and 74 to verify that the 
batteries are ok. 

2. Disconnect wire 54A at injection pump to prevent 
starting. 


CAUTION 


The glow plug controller and the 


control vaive electrical connector 
must be disconnected prior to 
running this test. 
. Disconnect glow plug controller and contro! vaive 
electrical connector. GLOW PLUG 
. Start Test 14, Compression Unbalance. CONTROLLER HARNESS 
. Wait for the GO message. Crank the engine. 
. Release the rotary switch when the VTM 
displays OFF. A number less than 25% 
iS passing. 


If the vehicle passes the STE/ICE-R Compression 
Unbalance test, it may still have a compression 
problem, but it would mean that every cylinder has iow 
compression. This is possible, but not too likely. If you 
don't find a problem and suspect compression, notify 
DS maintenance (chapter 14) to measure 


compression. TIME-DELAY 
MODULE 
wl 


lf STE/ICE-R is not availabte, accelerate under full “d “SA 
power to a reasonable speed on a flat, level, paved is 
surface. You have to decide from your own TIME-DELAY MODULE ) 
experience whether or not the engine is developing ELECTRICAL CONNECTOR f 
full power. A number greater than 75 is passing for . YY) ( 
Test 13. = 


POWER TEST (PERCENT) 
STE/ICE-R TEST 13 


1. Start and idle engine. 
2. Run STE/ICE-R test 10 to set idle and 


govemor speed as necessary 
3. Start STE/CE-R test 13 
4. When CIP appears on the display, press 
down sharply on the accelerator and hold it 
to the floor unti! the VTM displays OFF. 
5. Displayed value is % POWER 
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COMPRESSION / MECHANICAL DIAGNOSTIC FLOWCHART 


TEST OPTIONS 


ENGINE DOESN'T CRANK 
PROPERLY 


1. STE/ICE-R TEST 67, 73, 75 
(Pages 2-496, 2-502, 2-504) 


IS THE BATTERY CIRCUIT OK? 


2. BATTERY CIRCUIT 
TESTS (Page 2-237) 
REASON FOR QUESTION 


A fauity battery circuit can cause 
slow or no cranking. 


POSSIBLE PROBLEMS 


ENGINE 
STARTER CIRCUIT 
BATTERY CIRCUIT 


RUN BATTERY 
CIRCUIT TESTS, 
Page 2-255 


TEST OPTIONS 


KNOWN INFO 


ENGINE DOESN'T CRANK 
PROPERLY 
BATTERY CIRCUIT OK 


1. STE/ICE-R TESTS 71, 72, 74 
(Pages 2-500, 2-501, 2-503) 


IS THE STARTER CIRCUIT OK? 


2. STARTER CIRCUIT 
TESTS (Page 2-247) 


REASON FOR QUESTION 


POSSIBLE PROBLEMS 


ENGuvE 


STARTER CIRCUIT A faulty starter circuit can cause 


slow or no cranking. 


RUN STARTER 
CIRCUIT TESTS, 
Page 2-247 


TEST OPTIONS 


ENGINE DOESN'T 
CRANK PROPERLY 


BATTERY CIRCUIT OK 
STARTER CIRCUIT OK 


POSSIBLE PROBLEMS 


ENGINE 
DRIVETRAIN 


CAN YOU TURN THE 
CRANKSHAFT MANUALLY? 


USE A BREAKER BAR AND 
SOCKET ON CRANKSHAFT 
PULLEY BOLT. 


REASON FOR QUESTION 


If you can't turn the engine by 
hand, the engine is probably 
seized. 


NOTIFY DS 
MAINTENANCE 
CHAPTER 14). 


NO FAULTS FOUND, 
GO TO STEP 2, 

PAGE 2-148. 
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REFERENCE INFORMATION 


BATTERY VOLTAGE 
STE/CE-R TEST 67 


1. Start Test 67, Battery Voltage. 


2. Displayed reading is in volts. Batteries should 
be 23-25.5 volts. Batteries voltage will drop 
when glow plugs turn on. 


STARTER AVERAGE CURRENT 
STEACE-R TEST 71 


1. Start Test 71, Starter Average Current. 


2. Displayed reading is in amps. The starter should 
draw at least 200 amps with a peak of over 400 
amps. 


The starter circuit tests begin orf page 2-247). 
Internal engine problems (tight main or rod bearings 
for example) or drivetrain problems could still cause 
the engine to crank slowly even if the starter and 
battery circuits are OK. 


WARNING 


Be sure to disconnect fuel 

solenoid (wire 54A) to prevent 
accidental starting. Failure 

to do so may result in injury to 
personnel or damage to equipment. 


A breaker bar and socket placed on the crankshaft 
pulley can be used to try to tum the crankshaft. The 
crankshaft pulley is located directly under the 
engine cooling fan. It can be reached from under 
the HMMWV. 


If the engine won't tum, remove the glow plugs and 
try again. if the engine tums now, try cranking it and 
look for fuel at the eight glow plug holes. If you see 
fuel at any of the holes, the engine may have had 
hydrostatic lock. Crank the engine for about 15 
seconds to clear the fuel, re-install the glow plugs 
and try to start the engine. If it still won't crank, notify 
DS maintenance (chapter 14). 
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STARTER FIRST PEAK CURRENT 
STEACE-R TEST 72 


1. Disconnect wire 54A at injection pump to 
prevent starting. 


2. Disconnect glow plugs controller and fan 
solenoid. 


3. Start Test 72, Current First Peak. 
4. Wait for the GO message. Crank the engine. 


5. Result is displayed in amps. Starter first peak 
should be over 400 amps. 


BATTERY INTERNAL RESISTANCE 
STE/CE-R TEST 73 


1. Disconnect wire 54A at injection pump t 
prevent starting. 


. Disconnect glow plugs controller and fan 
solenoid. 


. Start Test 73, Battery Internal Resistance. 
. Wait for the GO message. Crank the engine. 


. Result is displayed in millionms. Battery 
resistance should be 25 millionms max. 


. Disconnect wire 54A at injection pump to 
prevent starting. 


. Disconnect glow plugs controller and fan 
solenoid. 


. Start Test 74, Starter Circuit Resistance. 


. Wait for the GO message. Crank the engine. 


. Result is displayed in millionms. Starter circuit 
resistance should be 25 millionms max. 
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TEST OPTIONS 
DRIVE THE VEHICLE. 


ENGINE STARTS 


DOES THE NOISE OR VIBRATION 
seen acai CONTINUE WHEN THE VEHICLE 
IS STOPPED AND THE TRANS- 


MISSION IS IN NEUTRAL? 


REASON FOR QUESTION 
If the problem occurs only when 
the vehicie is being driven, it's 

probably not an engine problem. 


ENGINE MECHANICAL 


RUN 
TRANSMISSION/ 
SUSPENSION’ 
STEERING 
TESTS. 


TEST OPTIONS 


NOISE OR VIBRATION 
UNDER ALL CONDITIONS 


CHECK THE ITEMS LISTED ON LOOK, LISTEN, AND FEEL. 


THE RIGHT HAND PAGE. 
IS EVERYTHING OK? 


REASON FOR QUESTION 


There are many probiems that 
can cause noise or vibration. 


REPAIR OR 
REPLACE THE 
(No) FAULTY COMPONENT(S) 


iF AUTHORIZED. 
Cves) OTHERWISE, NOTIFY DS 


MAINTENANCE (CHAPTER 14). 
RETURN TO 
5, Page 2-150 


POSSIBLE PROBLEMS 


ENGINE 
DRIVETRAIN 
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Try the following steps: 


1. Determine what noises or vibrations are there 
when the engine is running with the transmission 
in neutral. 


2. Keep the engine running, put the transmission in 
drive, and take note of any changes in the noises 
or vibrations. 


3. If it's safe to drive, drive the vehicle and take note 
of any changes in the noises or vibrations. Drive 
vehicle through all gears and ranges within 


speed rates listed in TM 9-2320-387-10. 


WARNING 


A hot engine may cause serious 
burns. Always use caution when 
approaching a hot engine. 


Engine Mounts 
Transmission Mounts 
Cooling Fan 

Serpentine Belt 

Water Pump 

Power Steering Pump 
Fuel Pump 

Alternator 

Air Induction Components 
Exhaust Components 
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BATTERY AND 
STARTER CIRCUITS OK 


POSSIBLE PROBLEMS 


ENGINE 
DRIVETRAIN 
FUEL SYSTEM 
INTAKE/EXHAUST 


BATTERY AND 
STARTER CIRCUITS OK 
AIR INTAKE/EXHAUST 
OK 


POSSIBLE PROBLEMS 


ENGINE 
DRIVETRAIN 
FUEL SYSTEM 


BATTERY AND 

STARTER CIRCUITS OK 
AIR INTAKE/EXHAUST OK 
FUEL SYSTEM OK 


POSSIBLE PROBLEMS 


ENGINE 
DRIVETRAIN 
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FROM 6, 
Page 2-150 


RUN A POWER TEST WITH THE 
AIR FILTER REMOVED. DOES 
THE TEST STILL FAIL? 


TEST OPTIONS 


AIR INTAKE/EXHAUST TESTS 
(Page 2-141) 


REASON FOR QUESTION 
intake or exhaust restrictions will 
prevent the engine from 
producing full power. A NO 
answer means the test passed 
with no air filter. 


GO TO AIR INTAKE/ 
EXHAUST TESTS, 
Page 2-141 


TEST OPTIONS 


FUEL SYSTEM TESTS 
(Page 2-99) 


HAVE YOU RUN THE FUEL 
SYSTEM TESTS YET? 


REASON FOR QUESTION 
Many fuel system faults will allow 
the engine to start and run but 
prevent it from producing full 


er. 
GO TO FUEL ii 


SYSTEM TESTS, 
Page 2-99 


(wo) 


IF EVERYTHING CHECKS OUT 


OK TO THIS POINT, THEN YOU 
PROBABLY HAVE AN ENGINE 
MECHANICAL PROBLEM THAT 

CAN'T BE HANDLED AT THIS 

LEVEL OF MAINTENANCE. 

NOTIFY DS MAINTENANCE 
CHAPTER 14). 


DIAGNOSTIC FLOWCHART 


REFERENCE INFORMATION 


If faults are found and corrected, go to 


STEP 2[ page 2-148, 


If no faults are found, go to B2, 
[page 2-154. 


lf faults are found and corrected, go to 
STEP 27 page 2-148, 


If no faults are found, go to B2, 


[page 2-154. 
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2-31. ENGINE COOLING TESTS 


These engine cooling tests may be run any time you think you have an engine cooling 
problem or if you were sent here by another test chain. Just follow the path, answering the 
questions. Additional information and notes are given on the facing page when necessary. 
Please note that this paragraph is NOT for diagnoses of problems with the temperature 
sending unit or the gauge. 


Once you are sure that the cooling system is OK, run the instruments test ir[ paragraph 2-39 
to find out if the gauge is OK. 


Fold-ou{ FP-7|contains a functional diagram of the engine cooling system. This page may 
be left open for reference while testing. 


The engine cooling system is a pressure-type cooling system with thermostatic contro! of 
coolant circulation. The cooling system dissipates heat generated from combustion and 
maintains the engine operating temperature at its most efficient level. When the engine is 
cold and the thermostat is closed, coolant is recirculated through the water pump and 
engine. As the engine coolant reaches 215°F (102°C), the thermostat opens, allowing 
coolant to flow through the radiator before returning to the water pump and engine. Any air 
or vapor in the cooling system will be forced to the surge tank under the liquid level and 
leave through a vent tube. As the system cools, the extra coolant in the tank will be drawn 
back to the radiator. Normally a 50-50 mixture of water and ethylene glycol-based antifreeze 
will be used. The fan is activated when coolant temperature reaches approximately 220° F 
(104°C). A separate oil cooler is mounted in front of the radiator. This cooler is divided into 
two parts. The top half is for transmission oil. The bottom half is for engine oil. When the 
cooling system pressure reaches approximately 15 psi (103 kPa), a valve in the surge tank 
cap opens and lets excess pressure escape to the atmosphere. 


ETHYLENE-GLYCOL MIXTURE TABLE 


ETHYLENE-GLYCOL (-60°F, -51°C) 
INHIBITED (MIL-A-46153) 


LOWEST EXPECTED ARCTIC GRADE ANTIFREEZE 
AMBIENT PINTS PER GALLON SPECIFIC (-90°F) (-68°C) 
TEMPERATURE OF COOLANT GRAVITY MIL-A-11755 
°F °C CAPACITY (68°F) (20°C) 
+20 7 1-1/2 1.022 Freezing point of -90°F (-68°C). 
+10 -12 2 1.036 issued ready-for-use and must not be 
0 -18 2-3/4 1.047 mixed with any other liquid. 
-10 -23 3-1/4 1.055 
-20 29 3-1/2 1.062 
-30 ~34 4 1.067 
-40 -40 4-1/4 1.073 
-50 -46 4-1/2 
-55 ~48 4-3/4 
BELOW -60 BELOW -51 USE ARCTIC 
GRADE ANTIFREEZE 
(-90°F) (-68°C) 
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ENGINE COOLING C stant DIAGNOSTIC FLOWCHART 


TEST OPTIONS 


1.COOLANT MIXTURE TEST 
KIT NSN 6630-00-169-1506 


IS THE COOLANT MIXTURE 
CORRECT? 
(SEE CHART ON PAGE 2-159.) 


2.COOLANT TESTER 
NSN 6630-00-105-1418 


REASON FOR QUESTION 


COOLING COMPONENTS 
SERPENTINE BELT 
WATER PUMP & PULLEY 


The cooling system will not operate 
properly if the mixture is incorrect. 


DRAIN & 
REFILL COOLANT. 


TEST OPTIONS 
VISUAL 


IS THE COOLANT AT THE 
CORRECT LEVEL? 


COOLANT QUALITY OK 


POSSIBLE PROBLEMS REASON FOR QUESTION 
COOLANT LEVEL 
COOLING COMPONENTS 
SERPENTINE BELT ; 
WATER PUMP & PULLEY (No) 


Low coolant leveis may cause 
overheating. 


FILL TO PROPER 
LEVEL. 


TEST OPTIONS 


COOLANT OK 


FEEL FOR COOLANT IN UPPER 
RADIATOR HOSE WHEN ENGINE [S 
HOT, OR REMOVE THERMOSTAT, 
EXPOSE IT TO 190°F (88° C) 
TEMPERATURES. SEE IF IT OPENS. 


IS THE THERMOSTAT WORKING 
PROPERLY? 


REASON FOR QUESTION 
POSSIBLE PROBLEMS 


An improperly functioning thermostat 
can cause operating temperatures 
that are either too hot or too cold. 


THERMOSTAT 

COOLING COMPONENTS 
SERPENTINE BELT 
WATER PUMP & PULLEY (No) 


REPLACE 
THERMOSTAT. 


GO TO 4, 


Page 2-162 
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REFERENCE INFORMATION 


WARNING 


Do not remove surge tank filler 

cap before releasing internal pressure 
when engine temperature is above 
190°F (88°C). Steam or hot coolant 
under pressure will cause injury. 


Drain and refill coolant 


WARNING 


Do not remove surge tank filler 

cap before releasing internal pressure 
when engine temperature is above 
190°F (88°C). Steam or hot coolant 
under pressure will cause injury. 


Fill coolant to proper level (para. 3-61). 


WARNING 


Always use caution when 
approaching a hot engine. Failure 
to do so may result in serious burns. 


Remove and replace the thermostat 


(para-3-76). 
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ENGINE COOLING 


SURGE COOLANT 
TANK FILLER SURGE 
CAP TANK 
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ENGINE COOLING 


DIAGNOSTIC FLOWCHART 
Page 2-160 


INSPECT THE PRESSURE CAP. 
IS IT IN GOOD CONDITION? 


COOLANT OK 


PRESSURE TESTER 
THERMOSTAT OK 


REASON FOR QUESTION 
COOLING COMPONENTS A defective pressure cap may 
SERPENTINE BELT cause overheating. 

WATER PUMP & PULLEY 
REPLACE 
(No) PRESSURE 
CAP. 


TEST OPTIONS 


COOLANT OK 
PRESSURE CAP OK 
THERMOSTAT OK 


INSPECT ALL RADIATOR HOSES, 
COOLANT HOSES, SURGE TANK, 
RADIATOR, OIL COOLER, AND 
FITTINGS FOR DAMAGE, 
BLOCKAGE, OR LARGE LEAKS. IS 
EVERYTHING IN GOOD SHAPE? 


POSSIBLE PROBLEMS 


HOSES 

SURGE TANK 
RADIATOR 
THERMOSTAT 

ENGINE FAN 

WATER PUMP & PULLEY 


REASON FOR QUESTION 


Physical damage and blocked 
passages can cause cooling 


problems. 
REPAIR/REPLACE AS 
(No) AUTHORIZED. FLUSH SYSTEM 


IF BLOCKED. OTHERWISE, 
NOTIFY DS MAINTENANCE 
(CHAPTER 14). 


TEST OPTIONS 


LOOK -- SEE DESCRIPTION OF 
OPERATION AT RIGHT. 


COOLANT OK 
PRESSURE CAP OK 
THERMOSTAT OK 
HOSES OK 

SURGE TANK OK 
OIL COOLER OK 


POSSIBLE PROBLEMS 


RADIATOR 
ENGINE FAN 
WATER PUMP & PULLEY 


IS THE ENGINE FAN WORKING 
PROPERLY? 


REASON FOR QUESTION 


The engine fan helps cool the 
engine. 


(No) GO TOA, 
Page 2-168 
GO T07, 
Page 2-164 
2-162 


REFERENCE INFORMATION 


WARNING 


Do not remove surge tank filler 

cap before releasing internal pressure 
when engine temperature is above 
190°F (88°C). Steam or hot coolant 
under pressure will cause injury. 


Check seal and spring on pressure cap. 


Replace pressure cap|(para. 3-61). 


Flush cooling system[{para. 3-61). 


For surge tank and radiator support replacement 
procedures, refer tolparas_3-64 and 3-65. 


For oil cooler and oil cooler hose replacement 


procedures, refer t6 paras. 3-/Jand 3-8. 


Notify DS maintenance to repair radiator 
(chapter 17). 


ENGIN ING FAN D 
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ENGINE COOLING 


SURGE COOLANT 
TANK FILLER SURGE 


CAP TANK 


RIPTION OF OPERATION 


An extemal line from the power steering gear brings hydraulic fluid to the clutch fan solenoid through 
control valve (normally open) and then to the fan drive, keeping it disengaged. The action of the valve 
is controlied by the time-delay module and the fan temperature switch. 


During normal operation, the fan timer switch is closed. This keeps the control vaive in the 


open position and the drive disengaged. 


As the engine reaches a temperature of about 215°F (102°C), the temperature switch opens and the 
control valve closes. This engages the fan. If the fan is engaged and the accelerator is floored, the 
throttle position sensor disengages the fan drive for a period of 20 seconds. 


The easiest way to determine if the fan is engaged is to stand outside the driver's door and gently 
work the accelerator. If the fan is engaged, you will feel a breeze from the engine area. If the fan is 


not engaged, you won't feel the breeze. 
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COOLANT OK 
PRESSURE CAP OK 
HOSES OK 

SURGE TANK OK 
OIL COOLER OK 
ENGINE FAN OK _ 


POSSIBLE PROBLEMS 


RADIATOR 
WATER PUMP & PULLEY 
SERPENTINE BELT 


PRESSURE CAP OK 
RADIATOR/HOSES OK 
SURGE TANK OK 

OIL COOLER OK 
ENGINE FAN OK 


POSSIBLE PROBLEMS 


WATER PUMP & PULLEY 
SERPENTINE BELT 


RADIATORVHOSES OK 
SURGE TANK OK 

OIL COOLER OK 
ENGINE FAN OK 


PUMP & PULLEY OK 


POSSIBLE PROBLEMS 


SERPENTINE BELT 
INTERNAL ENGINE 
LEAKS 
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FROM 6, DIAGNOSTIC FLOWCHART 
Page 2-162 


TEST OPTIONS 


INSPECT THE RADIATOR. IS 
IT INGOOD CONDITION (FINS 
NOT BADLY BENT OR 

BLOCKED)? 


REASON FOR QUESTION 


Bent or blocked fins prevent 
efficient cooling of the coolant. 


STRAIGHTEN 
AND CLEAN. 


TEST OPTIONS 


INSPECT THE WATER PUMP LOOK AND LISTEN. 


AND PULLEY. ARE THEY IN 
GOOD CONDITION? 


REASON FOR QUESTION 


A bad pulley and water pump won't 
cool the engine efficiently. 


REPLACE 
(No) PULLEY 
OR PUMP. 


VISUAL INSPECTION OF 
BELT TENSIONER 
POSITION. 


IS THE SERPENTINE BELT IN 
GOOD CONDITION? 


REASON FOR QUESTION 


If belt tensioner has fully 
retracted, belt is to be replaced 
because it will not drive the fan 
properly. 


(No) REPLACE 
BELT. 


GO TO 10, 
Page 2-166 
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REFERENCE INFORMATION ENGINE COOLING 


‘ 
ae 


piers WATER PUMP 


Listen for noisy bearings in the water pump, or an 
in-and-out motion to the fan. 
You can also check the pump and pulley by trying 
to move it in and out or laterally with the engine 
off. 


Replace the water pump pulley| (para. 3-77).] 
Replace the water pum 


Replace serpentine bettl(para. 3-81) | 


SERPENTINE SELT 
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FROM 9, 
Page 2-164 


ARE THE HEAD GASKETS OK? 


TEST OPTIONS 


EVERYTHING IS OK SO 
FAR. 


REASON FOR QUESTION 


Defective head gaskets can allow 
coolant into the combustion 
chambers, oil into the cooling 
system, or other problems. 


POSSIBLE PROBLEMS 


HEAD GASKET OR 
OTHER INTERNAL 
ENGINE PROBLEMS. 


NOTIFY DS 
MAINTENANCE 
(CHAPTER 14). 
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WARNING 


Always use caution when approaching 
a hot engine. Failure to do so may 
result in serious bums. 


Look for excessive white exhaust smoke, steam leaks in the 
engine compartment, and oil in the coolant. Other signs include 
excess condensation in the exhaust system, or white joints in the 
exhaust system. You can also feel the coolant hoses to see if they 
have high pressure caused by ieaking combustion gasses. Aliso, if 
the glow plugs tum off very quickly after starting the engine, or if 
the engine overheats, or has excessive coolant consumption, you 
may have a head gasket problem. 
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ENGINE COOLING 


ENGINE FAN NOT 
WORKING PROPERLY 


POSSIBLE PROBLEMS 


FAN OR SERPENTINE BELT 

WIRING 

FAN TIMER 

FAN SOLENOID 

FAN TEMPERATURE 
SWITCH 

PCB 


POSSIBLE PROBLEMS 


SERPENTINE BELT 
FAN WIRING 
FANTIMER . 

FAN SOLENOID 

FAN TEMPERATURE 


DIAGNOSTIC FLOWCHART 


A 
FROM 6, Page 2-162 


INSPECT THE COOLING FAN. 
ARE THE FAN BLADES ALL 
INTACT? 


TEST OPTIONS 


LOOK FOR CRACKED OR 
BROKEN BLADES. 


REASON FOR QUESTION 


A damaged fan does not cool 
efficiently and could be dangerous to 
. bystanders. 


TEST OPTIONS 


IS THE SERPENTINE BELT IN 


VISUAL INSPECTION OF 
GOOD CONDITION? BELT TENSIONER 


POSITION. 


REASON FOR QUESTION 


if bett tensioner has fully 
retracted, belt is to be replaced 
because it will not drive the fan 


(No) REPLACE property. 
BELT. 


[enon] PAS Test OPTIONS 


SERPENTINE BELT OK 


POSSIBLE PROBLEMS 


FAN DRIVE 

FAN WIRING 

FAN TIMING 

FAN SOLENOID 

FAN TEMPERATURE 
SWITCH 

PCB 


WITH THE VEHICLE OFF, 
TRY TO TURN THE FAN 

BY HAND. ARE YOU UNABLE 
TO TURN IT? 


TRY IT. 


REASON FOR QUESTION 


You should not be able to tum the 
fan by hand. If you can, the fan 
Grive is bad. 


REPLACE 
FAN DRIVE. 


GO TO A4, 
2-168 Page 2-170 


—" 


REFERENCE INFORMATION 


Replace fan| (para. 3-80 


Replace serpentine bel(para- 3-87). 


Replace fan drive((para. 3-80). 


A YES answer to this question means 
that you were not able to turn the fan 
by hand. 
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ENGINE COOLING FROM A3 DIAGNOSTIC FLOWCHART 
L Ad | @ 


DISCONNECT WIRE 458B FROM THE 
FAN TEMPERATURE SWITCH. WITH 
THE ENGINE RUNNING, IS THE FAN 
ENGAGED? 


FAN BLADES OK 
SERPENTINE BELT OK 
FAN DRIVE OK 


REASON FOR QUESTION 


POSSIBLE PROBLEMS 


FAN WIRING 
TIME-DELAY MODULE 
CONTROL VALVE 


Mee a RE (0) GO TO B, 


DISCONNECT WIRE 458A FROM 
THE FAN TEMPERATURE SWITCH, 
JUMPER 458A TO 458B. DOES THE 
FAN DISENGAGE? 


Disconnecting 458B from the switch 
simulates a hot engine. 


TRY IT. JUMP THE WIRES USING 
A SHORT PIECE OF WIRE WITH 
TWO MALE CONNECTORS. 


FAN BLADES OK 
SERPENTINE BELT OK 
DRIVE ENGAGES 


REASON FOR QUESTION 


Having battery voltage on 458A 
simulates a cold engine. 


POSSIBLE PROBLEMS 


FAN WIRING 
TIME-DELAY MODULE 
CONTROL VALVE 


PCB (NO) GO TOC, 
Page 2-178 


TEST OPTIONS 


MEASURE THE CONTINUITY 1. STE/ICE-R TEST 91 (Page 2-508) 


THROUGH THE FAN TEMPERATURE 
SWITCH. THE SWITCH SHOULD BE 
OPEN AT TEMPERATURES ABOVE 
215°F (102°C) AND CLOSED BELOW. 
IS THE SWITCH OK? 


SERPENTINE BELT OK 
FAN ENGAGES AND 
DISENGAGES 


2. MULTIMETER 


REASON FOR QUESTION 


POSSIBLE PROBLEMS 


To check the switch operation. 
Ideally, check the switch for open 
and closed operation. 


FAN WIRING 
TIME-DELAY MODULE 
FAN TEMPERATURE 


SWITCH (No) 
CES) 


GO TO A7, 
2-170 Page 2-172 


REPLACE FAN 
TEMPERATURE 
SWITCH. 
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WARNING 


Keep hands and arms 
away from fan blades 
and serpentine belt when 

. engine is running or 
serious injury may 
result. 


Se€ page 2-163 fora 
description of the fan 
system operation and 
to see if it's 

engaged or not. 


Se€ page 2-T6B for a description of the fan 
system operation and to see if it's engaged or 


not. 

ee RESISTANCE AND CONTINUITY 
If you know the engine ts cold and 0-4.500 OHMS 
the fan temperature switch is good, 4 


you can reconnect 458B to the STEACE-R TEST 91 


switch and see if the fan 1. Connect RED clip and BLACK clip to the 
disengages. terminations indicated in the question. RED to 
the first, BLACK to the second. 


2. Start Test 91, 0-4,500 Ohms. 


3. Displayed reading is in ohrns. Less than 
5 ohms is continuity. {f the resistance is over 
4,500 ohms, STE/ICE-R displays .9.9.9.9. 


CONTINUITY (RESISTANCE) 
MULTIMETER 


1. Set the voltmeter to an ohms scale of about 
1,000 ohms. 


Replace the fan temperature switch 


(para. 4-34). 


You can also remove the switch to test it 


hot and cold. 2. Connect the RED and BLACK leads to the 


connections stated in the question. 


3. Be sure to read the correct scale. Less than 
5 ohms indicates continuity. For an open circuit, 
the meter should peg full scale (needle all the 

way to the left). 
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ENGINE COOLING 


FAN BLADES OK 

SERPENTINE BELT OK 

FAN TEMPERATURE 
SWITCH OK 

FAN DRIVE OK 


POSSIBLE PROBLEMS 


TP SENSOR 
TIME-DELAY MODULE 
FAN CUT-OFF WIRING 


FAN OK 

SERPENTINE BELT OK 

FAN TEMPERATURE 
SWITCH OK 

PCB OK 

TP SENSOR OK 

FAN CUT-OFF WIRING OK 


POSSIBLE PROBLEMS 


TIME-DELAY MODULE 
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FROM A6, DIAGNOSTIC FLOWCHART 
Page 2-170 


TEST OPTIONS 


IS THERE CONTINUITY FROM 
WIRE 315D AT THE TIME-DELAY 
MODULE TO WIRE 315B AT THE TP 
SENSOR OR FAN CUT-OFF 
SWITCH? (DISCONNECT THE 
WIRES TO MAKE THE 
MEASUREMENT.) 


1. STE/ICE-R TEST 91 (Page 2-508) 


2. MULTIMETER 


REASON FOR QUESTION 


The TP sensor and fan cut-off 
switch will disengage the fan for 20 
seconds. 


REPAIR/REPLACE 
WIRES 315D 
AND 315B. 


| AS | TEST OPTIONS 


HOLD THE INJECTOR PUMP 1. STE/ICE-R TEST 89 (Page 2-506) 


WIDE OPEN WITH THE 
ROTARY SWITCH IN RUN. eo MUETIMETES 

IS THERE BATTERY VOLTAGE 

ON THE TIMER END OF 

WIRE 315D? REASON FOR QUESTION 


This will simulate the TP sensor 
and fan cut-off system's ability to 
disengage the fan. 


GO TOE, 
Page 2-188 


REFERENCE INFORMATION 


CONTINUITY (RESISTANCE) 
MULTIMETER 


. Set the voltmeter to an ohms scale of about 
. 1,000 ohms. 


od 


. Connect the RED and BLACK leads to the 
connections stated in the question. 


. Be sure to read the correct scale. Less than 
5 ohms indicates continuity. For an open circuit, 
the meter should peg full scale (needie all the 

way to the left). 


Disconnect the four-way connector at the 
time-delay module and measure the 
voltage on wire 315D. 


DC VOLTAGE 0-45 VOLTS 
STENCE-R TEST 89 


1. Connect RED clip to the indicated test point, 
BLACK clip to negative or ground. 


2. Start Test 89, DC Volts. 


3. Displayed reading is in volts. 


W315A w315B 
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ENGINE COOLING 


RESISTANCE AND CONTINUITY 
0-4,500 OHMS 
STENCE-R TEST 91 


1. Connect RED clip and BLACK clip to the 
terminations indicated in the question. RED to 
the first, BLACK to the second. 


2. Start Test 91, 0-4,500 Ohms. 
3. Displayed reading is in ohms. Less than 5 


ohms is continuity. If the resistance is over 
4,500 ohms, STE/ICE-R displays .9.9.9.9. 


“| MODULE 
i Ye), Mi. 


Camel 


= 


AS 
TIME-DELAY MODULE i 
ELECTRICAL CONNECTOR ) 


| 

10) (0) (j 
aM 

i eS 


NO STEP 


FAN CUT-OFF 
SWITCH 
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Page 2-170 


TEST OPTIONS 


FAN DRIVE OK 
FAN DOESN'T ENGAGE 
VIA 458 


DISCONNECT THE CONTROL 
VALVE ELECTRICAL 
CONNECTOR AT THE TIME-DELAY 
MODULE. DOES THE FAN 
ENGAGE? 


REASON FOR QUESTION 


With no power to the solenoid, 
the fan should engage. 


POSSIBLE PROBLEMS 


FAN WIRING 


TIME-DELAY MODULE 
FAN CONTROL VALVE 
PCB 
(No) REPLACE CONTROL 


VALVE. 


TEST OPTIONS 
1. STE/ICE-R TEST 91 (Page 2-508) 


KNOWN INFO 


FAN ENGAGES 
CONTROL VALVE OK 


DISCONNECT THE 4-WIRE 
CONNECTOR AT THE TIME-DELAY 
MODULE. IS THERE CONTINUITY 
FROM 458B AT THE 4-WIRE 
HARNESS TO 458B AT THE 

FAN TEMPERATURE SWITCH? 


= j REPAIR/REPLACE 


WIRE 458B. 


2. MULTIMETER 


REASON FOR QUESTION 


Wire 458B connects the switch 
and the timer. 


POSSIBLE PROBLEMS 


WIRING 


TEST OPTIONS 


WITH THE ROTARY SWITCH IN 1. STEACE-R TEST 89 (Page 2-506) 
RUN, IS THERE BATTERY 

VOLTAGE AT WIRE 583B 2. MULTIMETER 

IN THE TIME-DELAY 

MODULE 4 WIRE CONNECTOR? 


FAN ENGAGES 
CONTROL VALVE OK 


REASON FOR QUESTION 


POSSIBLE PROBLEMS 


WIRING Wire 583B connects battery 


la pee voltage to the delay module. 
REPAIR/REPLACE 


WIRE 583B. 


GO TO B4, 
P. 2-176 
2-174 “ge 


TM 9-2320-387-24-1 


REFERENCE INFORMATION ENGINE COOLING 
RESISTANCE AND CONTINUITY CONTROL VALVE 
0-4,500 OHMS ELECTRICAL CONNECTOR 


STE/CE-R TEST 91 


1. Connect RED clip and BLACK clip to the 
terminations indicated in the question. RED to 
the first, BLACK to the second. 

TIME-DELAY 

MODULE 


2. Start Test 91, 0-4,500 Ohms. 


3. Displayed reading is in ohms. Less than 5 
ohms is continuity. If the resistance is over 
4,500 ohms, STE/ICE-R displays .9.9.9.9. 


Replace control valve ( para. 8- 25). 


CONTINUITY (RESISTANCE) 
MULTIMETER 


1. Set the voltmeter to an ohms scale of about 
4,000 ohms. 


TIME-DELAY MODULE 
ELECTRICAL CONNECTOR 
= <7 


2. Connect the RED and BLACK leads to the 
connections stated in the question. 


3. Be sure to read the correct scale. Less than 
5 ohms indicates continuity. For an open 

circuit, the meter should peg full scale (needle 
all the way to the left). 


Repair/replace wire[{para. 4-80). 


DC VOLTAGE 0-45 VOLTS 
STE/CE-R TEST 89 


1. Connect RED clip to the indicated test 
point, BLACK clip to negative or ground. 


FAN TEMPERATURE 
SWITCH 


2. Start Test 89, DC Volts. 


3. Displayed reading is in volts. 


Repair/replace wire[(Dara. 4-80). 


VOLTAGE 
MULTIMETER 


1. Set the voltmeter to a OC volts scale of at 
least 40 volts. 


2. Connect the RED lead to positive and the 
BLACK tead to negative. 


3. Be sure to read the correct scale. 
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ENGINE COOLING 


FAN ENGAGES 
CONTROL VALVE OK 


POSSIBLE PROBLEMS 


WIRING 


KNOWN INFO 


FAN ENGAGES 
CONTROL VALVE OK 


POSSIBLE PROBLEMS 


WIRING 


KNOWN INFO 


FAN ENGAGES 
CONTROL VALVE OK 


POSSIBLE PROBLEMS 


WIRING 


2-176 


FROM 83, 
Page 2-174 


IS THERE CONTINUITY FROM 
WIRE 93B IN THE 4-WAY 
CONNECTOR TO ENGINE 
GROUND? 


TEST OPTIONS 


1. STE/ICE-R TEST 91 (Page 2-508) 


2. MULTIMETER 


REASON FOR QUESTION 


Wire 93 provides the time-delay 
module's connection to ground. 


REPAIR/REPLACE 
WIRES 93 AND 
938. 


TEST OPTIONS 


IS THERE CONTINUITY OF 
ENGINE WIRING HARNESS 
WIRE 315B BETWEEN THE 
TIME-DELAY MODULE AND THE 
FAN CUT-OFF SWITCH? 


1. STE/ICE-R TEST 91(Page 2-508) 


2. MULTIMETER 


REASON FOR QUESTION 


The fan cut-off switch has some 
control of the engine fan. 


REPAIR/REPLACE 
WIRES 3158. 


TEST OPTIONS 


IS THERE ABOUT ZERO VOLTAGE 
ON THE TIMER END OF WIRE 458B 
WITH WIRE 458A DISCONNECTED 
FROM THE FAN TEMPERATURE 
SWITCH? 


1. STE/ICE-R TEST 89 (Page 2-506) 


2. MULTIMETER 


REASON FOR QUESTION 


If wire 458B is shorted to some 
other live wire, the fan will not 
engage. 


REPAIR/REPLACE 
WIRE 4588 
OR HARNESS. 


DIAGNOSTIC FLOWCHART 


TM 9-2320-387-24-1 


REFERENCE INFORMATION _ ENGINE COOLING 


FAN TEMPERATURE SWITCH 
P-S 


RESISTANCE AND CONTINUITY 
0-4,500 OHMS 
STEACE-R TEST 91 


1. Connect RED clip and BLACK clip to the 
terminations indicated in the question. RED to 
the first, BLACK to the second. 


2. Start Test 91, 0-4,500 Ohms. 


3. Displayed reading is in ohms. Less than 5 
ohms is continuity. If the resistance is over 
4,500 ohms, STE/ICE-R displays .9.9.9.9. 


\ 
q 


&% CONTROL VALVE 
Repair/repiace wires (para. 4-80}. 


CONTINUITY (RESISTANCE) 
MULTIMETER 


1. Set the voltmeter to an ohms scale of about 
1,000 ohms. 


2. Connect the RED and BLACK leads to the 
connections stated in the question. 


3. Be sure to read the correct scale. Less than 
5 ohms indicates continuity. For an open circuit, 
the meter should peg full scale (needle all the 
way to the left). 


Repair/replace wiresi(para. 4-80). 


DC VOLTAGE 0-45 VOLTS 
STEACE-R TEST 89 - 
1. Connect RED clip to the indicated test 


point, BLACK clip to negative or ground. 


2. Start Test 89, DC Volts. 


3. Displayed reading is in volts. 


Repair/replace wires (para. 4-80) 


VOLTAGE 
MULTIMETER 


1. Set the voltmeter to a DC volts scale of at 
least 40 volts. 


2. Connect the RED lead to positive and the 
BLACK lead to negative. 


3. Be sure to read the correct scale. 
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ENGINE COOLING 


DRIVE OK 


FAN ENGAGES BUT 
WON'T DISENGAGE 


POSSIBLE PROBLEMS 


PCB 

TIME-DELAY MODULE 
WIRING 

HYDRAULIC SYSTEM 


DRIVE OK 
FAN ENGAGES BUT 
WON'T DISENGAGE 


POSSIBLE PROBLEMS 


PCB 

TIME-DELAY MODULE 
WIRING 

HYDRAULIC SYSTEM 


DRIVE OK 
FAN ENGAGES BUT 
WON'T DISENGAGE 


POSSIBLE PROBLEMS 


PCB 

TIME-DELAY MODULE 
WIRING 

HYDRAULIC SYSTEM 


2-178 


eon Re: | DIAGNOSTIC FLOWCHART 


Page 2-170 


REMOVE THE JUMPER BETWEEN 
WIRE 458A AND WIRE 458B. TURN 
THE ROTARY SWITCH TO THE 


TEST OPTIONS 
1. STE/ICE-R TEST 89 (Page 2-506) 


2. MULTIMETER 


RUN POSITION. DOES WIRE 458A 
HAVE BATTERY VOLTAGE? 


(No) GO TOD, 
Page 2-186 


REASON FOR QUESTION 


Wire 458A connects battery voltage 
to the switch. 


<= 


IS THERE CONTINUITY FROM 
WIRE 458B AT THE HARNESS SIDE 
OF THE TIME-DELAY MODULE 
4-WAY CONNECTOR TO WIRE 458B 
AT THE FAN TEMPERATURE 
SWITCH? 


1. STE/ICE-R TEST 91 (Page 2-508) 


2. MULTIMETER 


REASON FOR QUESTION 


Wire 458B connects the switch 
and the time delay. 


REPAIR/REPLACE 
WIRES 458 & 
458B. 


TEST OPTIONS 
1. STE/ICE-R TEST 89 (Page 2-506) 


TURN THE ROTARY SWITCH TO 
RUN. IS THERE BATTERY 
VOLTAGE AT THE HARNESS 
SIDE OF WIRE 583B IN THE 
4-WAY CONNECTOR OF THE 
TIME-DELAY MODULE? 


2. MULTIMETER 


REASON FOR QUESTION 


Wire 583B connects battery voltage to 
the delay module. 


Sia REPAIR/REPLACE 


WIRE 583B. 


Qs) 


GO TO C4, 
Page 2-180 


TM 9-2320-387-24-1 


REFERENCE INFORMATION ENGINE COOLING 


DC VOLTAGE 0-45 VOLTS 
STEACE-R TEST 89 


1. Connect RED clip to the indicated test 
point, BLACK clip to negative or ground. 


CONTROL VALVE 
ELECTRICAL CONNECTOR 


2. Start Test 89, DC Volts. 


3. Displayed reading is in volts. TIME-DELAY 


VOLTAGE 
MULTIMETER 


1. Set the voitrneter to a DC volts scale of at 
least 40 volts. 


TIME-DELAY MODULE 
ELECTRICAL a habaaied OR 


7 


2. Connect the RED lead to positive and the 
BLACK lead to negative. 


3. Be sure to read the correct scale. 


RESISTANCE AND CONTINUITY 
0-4,500 OHMS 
STEACE-R TEST 91 


1. Connect RED clip and BLACK clip to the 
terminations indicated in the question. RED to 
the first, BLACK to the second. 


2. Start Test 91, 0-4,500 Ohms. 


3. Displayed reading is in ohms. Less than 5 ohms FAN TEMPERATURE 
SWITCH 


is continuity. If the resistance is over 4,500 
ohms, STE/ICE-R displays .9.9:9,9. 


Repair/replace wires[(para. 4-80). 


CONTINUITY (RESISTANCE) 
MULTIMETER 


1. Set the voltmeter to an ohms scale of about 
1,000 ohms. 


2. Connect the RED and BLACK leads to the 
connections stated in the question. 


3. Be sure to read the correct scale. Less than 5 

ohms indicates continuity. For an open circuit, 
the meter should peg full scale (needle all the 
way to the left). 
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ENGINE COOLING DIAGNOSTIC FLOWCHART 


FROM 
C3, Page 2-178 


DISCONNECT THE 2-WIRE 


TEST OPTIONS 
MULTIMETER — WITH AN ANALOG 
MULTIMETER, YOU MAY GET 65 


FAN DRIVE OK 


FAN WON'T DISENGAGE COUPLING AT THE TIMER. TO 100 OHMS ONE WAY AND 
MEASURE THE RESISTANCE UNDER 30 OHMS THE OTHER 
THROUGH THE CONTROL Wate ees 
VALVE ELECTRICAL 
CONNECTOR. REASON FOR QUESTION 


IS IT ABOUT 65 OHMS? The need to check out the windings 


TIME-DELAY MODULE in the control valve to see if they're 
OK. 


WIRING 
CONTROL VALVE 
HYDRAULIC SYSTEM 


GO TO C5, 
Page 2-182 
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REFERENCE INFORMATION ENGINE COOLING 


CONTINUITY (RESISTANCE) 
MULTIMETER 


1. Set the voltmeter to an ohms scale of about 
1,000 ohms. 


When checking coil resistance, use an analog- 
type muitimeter. 


For an accurate ohms reading, perform this 
check when the system is at room 
temperature. Heat will increase resistance, 
resulting in a higher ohms reading. 


2. Connect the RED and BLACK leads to the 
connections stated in the question. 


3. Be sure to read the correct scale. Less than 5 
ohms indicates continuity. For an open circuit, 
the meter should peg full scale (needle all the 

way to the left). 


Replace contro! valve 


CONTROL VALVE 
ELECTRICAL CONNECTOR 


TIME-DELAY 
MODULE 


TIME-DELAY MODULE 


ELECTRICAL CONNECTOR 


NO STEP 


2-181 
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ENGINE COOLING FROM C4, DIAGNOSTIC FLOWCHART 
Page 2-180 


DISCONNECT THE 4-WIRE 
CONNECTOR ON THE TIMER. 
IS THERE CONTINUITY FROM 
WIRE 93B ON THE HARNESS SIDE 
OF THE 4-WAY CONNECTOR- 
TO-ENGINE- GROUND? 


TEST OPTIONS 
1. STE/ICE-R TEST 91 (Page 2-508) 


FAN DRIVE OK 
FAN WON'T DISENGAGE 
CONTROL VALVE OK 


2. MULTIMETER 


REASON FOR QUESTION 


The need to test out the ground 
connection of the time-delay 


PCSSIBLE PROBLEMS 


TIME-DELAY MODULE 


WIRING module and control valve. 
HYDRAULIC SYSTEM 
REPLACE 
(No) WIRING 
93B. 


TEST OPTIONS 
1. STE/ICE-R TEST 91 (Page 2-508) 


RECONNECT THE 4-WIRE 
CONNECTOR. IS THERE ABOUT 
5802 FROM WIRE 93B ON THE 
TIMER SIDE OF THE 2-WIRE 
COUPLING TO ENGINE 
GROUND? 


FAN DRIVE OK 
FAN WON'T DISENGAGE 
CONTROL VALVE OK 


2. MULTIMETER 


REASON FOR QUESTION 


This measurement wil! help to tell 
you if the time-delay module is OK. 


POSSIBLE PROBLEMS 


TIME-DELAY MODULE 

WIRING 

HYDRAULIC SYSTEM 
REPLACE 

(No) TIME-DELAY 
MODULE. 


TEST OPTIONS 


FAN DRIVE OK 1. STE/ICE-R TEST 9 (page 2-508) 


FAN WON'T DISENGAGE 
CONTROL VALVE OK 


IS THERE CONTINUITY FROM 
WIRE 458B IN THE 4-WIRE 

CONNECTOR HARNESS TO WIRE 
458B AT THE FAN TEMPERATURE 
SWITCH? 


2. MULTIMETER 


REASON FOR QUESTION 


This measurement will help tell you 
if the time-delay module is OK. 


POSSIBLE PROBLEMS 


TIME-DELAY MODULE 
WIRING 
HYDRAULIC SYSTEM 


(NO) REPLACE 
TIME-DELAY 


CYES ) MODULE. 


GO TO C8, 
Page 2-184 
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REFERENCE INFORMATION ENGINE COOLING 
RESISTANCE AND CONTINUITY 
0-4,500 OHMS 
STEACE-R TEST 91 
Repair wire or replace hamess 1. Connect RED clip and BLACK clip to the 
(para. 4-80). terminations indicated in the question. 


RED to the first, BLACK to the second. 


2. Start Test 91, 0-4,500 Ohms. 


3. Displayed reading is in ohms. Less than 5 ohms 
is continuity. If the resistance is over 4,500 
ohms, STE/ICE-R displays .9.9.9.9. 


CONTINUITY (RESISTANCE) 
MULTIMETER 


1. Set the voltmeter to an ohms scale of about 
1,000 ohms. 


Replace time-delay module 
para. 4-35) 2. Connect the RED and BLACK leads to the 
connections stated in the question. 


3. Be sure to read the correct scale. Less than 5 
ohms indicates continuity. For an open circuit, 
the meter should peg full scale (needle all the 

way to the left). 


FAN TEMPERATURE 


Replace time-delay module 
(para. 4-35). 
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ENGINE COOLING Sor DIAGNOSTIC FLOWCHART 


LOOK FOR LEAKY HOSES 
GOING TO AND FROM THE 
CONTROL VALVE AND 

FAN DRIVE. ARE ALL OF 
THE HOSES LEAK-FREE? 


TEST OPTIONS 


FAN WON'T DISENGAGE 
WIRING OK 


VISUAL 


REASON FOR QUESTION 


Leaky hydraulic hoses may prevent 
the drive from disengaging. 


POSSIBLE PROBLEMS 


LOW POWER 
STEERING 
PRESSURE 

LEAKS 

CONTROL VALVE 


Dias REPAIR AS | 


REQUIRED. 


TEST OPTIONS 


IS THE PRESSURE IN THE 
CONTROL VALVE SUPPLY 
HOSE AT LEAST 90 PSI (621 kPa)? 


FAN WON'T DISENGAGE 1. STECE-R TEST 50 (Page 2-495) 


WIRING OK 


HOSES ARE LEAK-FREE 2. PRESSURE GAUGE 


REASON FOR QUESTION 


90 PSI (621 kPa) is the 
minimum required to disengage 
the drive. 


POSSIBLE PROBLEMS 


LOW POWER 
STEERING 
PRESSURE 

CONTROL VALVE : (No) 


GO TO STEERING, 
Page 2-481 


TEST OPTIONS 


FAN WON'T DISENGAGE 
WIRING OK 
HOSES ARE LEAK-FREE 


CONNECT BOTH TIME-DELAY 
MODULE ELECTRICAL 
CONNECTORS, JUMPER 458A 
TO 458B. IS THE PRESSURE 
IN THE FAN DRIVE HOSE 
AT LEAST 90 PSI (621 kPa)? 


1. STEACE-R TEST 50 (Page 2-495) 


2. PRESSURE GAUGE 


REASON FOR QUESTION 


Check to see if control valve is 
open. 


POSSIBLE PROBLEMS 


LOW POWER 
STEERING 
PRESSURE 

CONTROL VALVE @ 


FAN DRIVE 
SEE NOTE 
AT RIGHT. 


SEE NOTE 
AT RIGHT. 


2-184 


REFERENCE INFORMATION 


Replace hoses (para. 8-29). 


STE/ICE-R TEST 50 
0 TO 1,000 PSIG PRESSURE 


1. Connect transducer to valve after removing 
connector (para 8-25}. Do offset test. 


2. Connect BLUE pressure transducer to A W4 
cable. Make sure the system under test is not 
pressurized. 


3. Tum on system and read pressure. 


Measure the pressure at the valve outlet. Remove 
the fan drive hose and connector from the valve body 
and screw transducer into the valve. Start the engine 
and took for leaks. 


Replace contro! vaive and/or fan drive[{para. 8-25 or 
3-80). Check to see if hoses are blocked prior to 
replacing parts, and perform back flush procedure 
(para. 8-25). 


If pressure in the fan drive hose is not at least 90 psi 
(621 kPa), perform back flush procedure[{bara. 8-25). 
Recheck pressure. If pressure is not at least 90 psi 
(621 kPa), replace control vaive. 


If pressure in the fan drive hose is at least 90 psi 
(621 kPa), check for blockage in hose between the 
control vaive and fan drive. If hose is not blocked, 
replace fan drive[[para. 3-80). 


CONNECTOR | 


TM 9-2320-387-24-1 


ENGINE COOLING 


INLET HOSE RETURN HOSE 


FAN 
DRIVE HOSE 


CONTROL VALVE 
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TM 9-2320-387-24-1 


D 
FROM C1, 
Page 2-178 


ENGINE COOLING DIAGNOSTIC FLOWCHART 


KNOWN INFO 


NO BATTERY VOLTAGE 
AT 458A 


TEST OPTIONS 


DISCONNECT PCB ENGINE 1. STE/ICE-R TEST 91 (Page 2-508) 


CONNECTOR HARNESS. IS THERE 
CONTINUITY FROM WIRE 458A AT 
THE FAN TEMPERATURE SWITCH 
TO THE PCB ENGINE CONNECTOR 
HARNESS SOCKET A? 


\ alte REPAIR/REPLACE 
WIRES 458A AND 
REPLACE 
THE PCB. 


2. MULTIMETER 


REASON FOR QUESTION 


POSSIBLE PROBLEMS 


WIRE 458A 
ELECTRICAL SYSTEM 


Wire 458A connects the switch 
to the PCB. 


54B. 
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REFERENCE INFORMATION ENGINE COOLING 
RESISTANCE AND CONTINUITY 
0-4,500 OHMS 
WARNING STE/CE-R TEST 91 
Disconnect negative battery cable 1. Connect RED clip and BLACK clip to the 
before disconnecting and terminations indicated in the question. 
reconnecting PCB harness. RED to the first, BLACK to the second. 
2. Start Test 91, 0-4,500 Ohms. 
WARNING 

There is battery voltage at the PCB 3. Displayed reading is in ohms. Less than 5 
at all times. Failure to disconnect ohms is continuity. If the resistance is over 


to equipment or injury to personnel. 
Replace PCB (refer to[para. 4-4)] 


CONTINUITY (RESISTANCE) 
MULTIMETER 


1. Set the voltmeter to an ohms scale of about 
1,000 ohms. 


2. Connect the RED and BLACK leads to the 
connections stated in the question. 


3. Be sure to read the correct scale. Less than 
5 ohms indicates continuity. For an open circuit, 
the meter should peg full scale (needle all the 

way to the left). 


PCB ENGINE CONNECTOR 


FAN TEMPERATURE 
SWITCH 


CONTROL VALVE 
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E 
FROM A&, 
Page 2-172 


ENGINE COOLING DIAGNOSTIC FLOWCHART 


TEST OPTIONS 


FAN DOESN'T DISENGAGE 
WHEN FAN CUT-OFF 
SWITCH ACTIVATES 


WITH THE VEHICLE OFF AND 
THE ROTARY SWITCH IN RUN, 
HOLD THE INJECTOR PUMP 
WIDE OPEN. IS THERE BATTERY 
VOLTAGE IN THE WIRE 315B END 
OF THE FAN CUT-OFF SWITCH? 


1. STE/ICE-R TEST 89 
(Page 2-506) 


2. MULTIMETER 


POSSIBLE PROBLEMS 


TIME-DELAY MODULE 
WIRING FAN CUT-OFF 
SWITCH 


REASON FOR QUESTION 


This will tell you if the time-delay 
module is getting an input from 
the fan cut-off switch. 


GO TO 
TRANSMISSION, 
Page 2-385 


REPLACE TIME- 
DELAY MODULE. 


2-188 


TM 9-2320-387-24-1 


REFERENCE INFORMATION ENGINE COOLING 


Replace time-delay module DC VOLTAGE 0-45 VOLTS 
(para. 4-35)| STEACE-R TEST 89 


1. Connect RED clip to the indicated test point, 
BLACK clip to negative or ground. 


2. Start Test 89, DC Volts. 


3. Displayed reading is in volts. 


VOLTAGE 
MULTIMETER 


1. Set the voltmeter to a DC volts scale of at least 
40 volts. 


2. Connect the RED lead to positive and the 
BLACK lead to negative. 


3. Be sure to read the correct scale. 


TIME-DELAY 
MODULE 


2-189/(2-190 blank) 
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2-32. ENGINE LUBRICATION TESTS 


These engine lubrication tests may be run any time there is an engine lubrication problem or if you 
were sent here by another test chain. Just follow the path, answering the questions. Additional 
information and notes are given on the facing page when necessary. 


Fold-out_[page FP-9 shows the location of the major components of the engine lubrication system in 
case you are not familiar with them. This page may be left open for reference while testing. 


2-191 


TM 9-2320-387-24-1 


ENGINE LUBRICATION C stant > DIAGNOSTIC FLOWCHART 


TEST OPTIONS 


CHECK DIPSTICK. 
SEE TABLE 2-1, (Page 2-22) 

FOR OIL AND FILTER CHANGE 
REQUIREMENTS. 


IS THE CRANKCASE FILLED 
TO THE CORRECT LEVEL 
WITH OIL THAT IS CLEAN 
AND OF THE RIGHT TYPE, 
AND IS THE OIL FILTER CLEAN? 


POSSIBLE PROBLEMS 


OIL 

Oil FILTER 

LEAKS 

ENGINE PROBLEMS 


OIL PRESSURE SENSING (NO) be anoue 
SYSTEM 


REQUIRED. 


REASON FOR QUESTION 


To make sure the engine has the 
right oil, and it's clean. 


se TEST OPTIONS 
OIL OK CHECK THE LIST OF 
OOK 5 IS THE VEHICLE FREE FROM ll eet lee Le 


LARGE OIL LEAKS? 


POSSIBLE PROBLEMS 


REASON FOR QUESTION 
Any large oi! leaks could affect oil 


LEAKS 
pressure. Small leaks should be 
ENGINE PROBLEMS taken care of after you make sure 
OIL PRESSURE SENSING everything else is OK. 
SYSTEM (s0) REPAIR 
AS 


REQUIRED. 


| kNowninro | [3 TEST OPTIONS 


1. STE/ICE-R TEST 50 (P. 2-495 
ae IS THE OIL PRESSURE AT THE ae ee 
CORRECT VALUE? 


NO OIL LEAKS 
(SEE CHART AT RIGHT.) 


2. LOOK AT THE GAUGE AND USE 
STE/CE-R TEST 10 (Page 2-490). 


REASON FOR QUESTION 


Low oil pressure will cause excessive 
wear on the engine. High pressure 
couid indicate clogs in the system. If 
you use the gauge, you can let 

the engine run a few minutes to 
make sure the gauge is OK. 


POSSIBLE PROBLEMS 


OIL PRESSURE GAUGE 
OIL PRESSURE SENSOR 
ENGINE PROBLEMS 


GO TOA, 
Page 2-196 
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GO T04, 
Page 2-194 
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REFERENCE INFORMATION ENGINE LUBRICATION 
OIL DIPSTICK 
DIPSTICK MARKINGS 
> 
i YES ed 
Incorrect oil level and type can \ ise 
cause pressure problems, leaks, \ é &S Me 
excessive blowby, and other problems. as ag AX ~~ e 
S $ 
AM a 
2 
< 


cme) 
: 
Va 
| 


Inspect the oil cooler, oil cooler supply return 
lines, CDR vaive hoses, oil pan, and oil filter. Test 
CDR valvel{para. 3-9). See the location on parts 
page to find these parts. 


ENGINE RPM 
STEACE-R TEST 10 


1. Start Test 10, Engine RPM. 


2. Crank or start the engine. Displayed 
reading is rpm. Cranking rpm should be 


approximately 200. Idle mpm should be 
700-750. 


Oil, PRESSURE CHART 


T exGwe nem [APPROXIMATE OIL PRESSURE 


STOP 0 PSt (0 kPa) 
IDLE (725 + 25) 15-20 PSI (103-138 kPa) 
2,000 40-50 PSI (276-345 kPa) 


Remove sending unit|(para. 4-29), 


OIL PRESSURE 


SENDING UNIT 
ENGINE RPM 


INTERLEAVE WITH 0-1,000 PS! PRESSURE 

1. Connect BLUE transducer in place of oil 
pressure sending unit. Dial test 50 (0-1,000 psi 
(0-6,895 kPa)). Perform offset test. 


2. Dial test 01, interleave with RPM. Dial test 50. 


3. Start engine and observe display. VTM will 
display RPM, then PSI. 
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ENGINE LUBRICATION ~ FROM 3, DIAGNOSTIC FLOWCHART 
Page 2-192 


| 4 | TEST OPTIONS 


IS THE EXHAUST COLORLESS? — 
(ESPECIALLY NO BLUE SMOKE?) 


OIL GAUGE OK 
NO OIL LEAKS 
OIL OK 

FILTER OK 
PRESSURE OK 


REASON FOR QUESTION 


Blue smoke indicates oil in 
the exhaust. 


POSSIBLE PROBLEMS 


INTERNAL ENGINE 
PROBLEMS 


(No) SEE NOTE AT RIGHT. 


NO FAULTS FOUND. IF YOU 
STILL HAVE A PROBLEM, YOU 
MAY WANT TO RERUN THE 
TEST CHAIN TO MAKE SURE 
YOU DION'T MISS ANYTHING, 


<3 
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REFERENCE INFORMATION ENGINE LUBRICATION 


NOTE 
lf the exhaust is not colorless, it must 
be either white, blue, or black. If exhaust 
color is: 


WHITE.......... Go to fuel system[para. 2-28] Could be injector timing, DS level fault. 

[= | 6 | =e Biue smoke is a sign of oil entering the combustion chambers. It usually 
enters past the piston rings or intake valve stem seals. This is an intemal 
engine problem that can't be handied at this level of maintenance. You 


may want to run the engine running test, para. 2-24, before you notify 
DS maintenance (chapter 14). 


BLACK......... Air intake/exhaust [para 2-29. 
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A 
FROM 3, 
Page 2-192 


ENGINE LUBRICATION DIAGNOSTIC FLOWCHART 


TEST OPTIONS 


WRONG OIL PRESSURE 


DID YOU USE THE VEHICLE'S 
ON-BOARD GAUGE TO 
MEASURE THE PRESSURE 
IN QUESTION 3? 


POSSIBLE PROBLEMS 


OIL PRESSURE GAUGE 

OIL PRESSURE SENSOR 

INTERNAL ENGINE 
PROBLEMS 


REASON FOR QUESTION 


If you used the STE/ICE-R to 
measure the pressure, then the 
engine has an intemal fault. 


NOTIFY DS 
MAINTENANCE 
(CHAPTER 14). 


TEST OPTIONS 


1. STE/ICE-R TEST 50 AND RPM 
INTERLEAVED (Page 2-495) 


WRONG PRESSURE 


MEASURE THE OIL PRESSURE 
USING VEHICLE GAUGE 


DIRECTLY. IS IT CORRECT? 


2. EXTERNAL GAUGE AND 
STE/ICE-R TEST 10 (Page 2-490) 


POSSIBLE PROBLEMS 


GAUGE ANO SENDER soe ereeare eras 
ENGINE PROBLEMS 


is in the gauge or the engine. 
NOTIFY DS 
(No) MAINTENANCE 


(CHAPTER 14). 


REASON FOR QUESTION 


OIL PRESSURE OK THE PROBLEM IS IN THE OIL 


PRESSURE SENDING SYSTEM. GO 
TO INSTRUMENTS, Page 2-305. 


POSSIBLE PROBLEMS 


GAUGE 
SENDER 
WIRING 
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REFERENCE INFORMATION ENGINE LUBRICATION 


OIL PRESSURE 
SENDING UNIT 


Oil PRESSURE CHART 
HENGINE RPM | APPROXIMATE OIL PRESSURE 


STOP 0 PSI (0 kPa) 
IDLE (725 + 25) 15-20 PSI (103-138 kPa) 
2,000 40-50 PSI (276-345 kPa) 


Remove sending unit[(para. 4-29). 


ENGINE RPM 
INTERLEAVE WITH 0-1,000 PSI PRESSURE 


1. Connect BLUE transducer in place of oil 
pressure sending unit. Dial test 50 (0-1000 psi 
(0-6,895 kPa)). Perform offset test. 

2. Dial test 01, interleave with RPM. Dial test 50. 


3. Start engine and observe display. VTM will 
display RPM, then PSI. 


ENGINE RPM 
STE/CE-R TEST 10 


1. Start Test 10, Engine RPM. 


2. Crank or start the engine. Displayed 
reading is APM. Cranking rpm should 
be approximately 200. Idle rpm should 
be 700-750. 
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2-33. ALTERNATOR TESTS 


These alternator tests can be run any time you think there may be a problem with the 
alternator or battery charging or if you were sent here from another system chain. 


These tests are NOT for the batteries. These tests are strictly for the alternator, its 
operation, and its associated wiring. Tests for the batteries are in Battery Circuit, 
Para. 2-35. 

NOTE 


Dual voltage 200 and 400 amp alternators can be installed ina single 
voltage system. See chart below for hookup procedures. 


A simplified block diagram for the alternator system is given below. A detailed functional 
flow schematic is provided as foldout FP-11 to help you uneerstend the system as you 
perform the tests. 


After preliminary common tests, the model of alternator must be identified for specific 
testing to determine if alternator or regulator is defective. 


ALTERNATOR : é 
FLOW SCHEMATIC Adaption of dual voltage alternator on a single voltage system chart 


Dual Voltage Alternator Single Voltage System 

200 Amp Ground wire afixed to regulator 
base and 14 volt power stud 

400 Amp No ground wire afixedto 
regulator or 14 volt power stud 


ENGINE 
MECHANICAL 
POWER 


(SERPENTINE BELT) 


ALTERNATOR 


200-AMP DUAL VOLTAGE NIEHOFF 
ALTERNATOR/REGULATOR 


PROTECTIVE 
CONTROL BOX 
DISTRIBUTION 
BOX 


400-AMP DUAL VOLTAGE NIEHOFF 
ALTERNATOR/REGULATOR 


BATTERIES 
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ALTERNATOR C_ start > . DIAGNOSTIC FLOWCHART 


TEST OPTIONS 


VISUAL INSPECTION OF 
BELT TENSIONER 
POSITION. 


NOTHING 


IS SERPENTINE BELT IN GOOD 
CONDITION (NO CRACKS, FRAYS, 
OR GLAZE)? 


POSSIBLE PROBLEMS 


ALTERNATOR 
CONTROL BOX 
WIRING 
SERPENTINE BELT 


REASON FOR QUESTION 


If belt tensioner has fully retracted, 
belt will not drive the alternator 


fast enough to recharge the 
batteries. 
(No) REPLACE SERPENTINE 


BELT. IF YOU STILL 
HAVE A PROBLEM, 
CONTINUE TESTING. 


TEST OPTIONS 
VISUAL 


SERPENTINE BELT OK ARE ALL WIRE CONNECTIONS 


TO ALTERNATOR CLEAN, TIGHT, 
AND MAKING GOOD CONNECTION? 


POSSIBLE PROBLEMS 


WIRING 
ALTERNATOR 
CONTROL BOX 


REASON FOR QUESTION 
Loose or dirty connections can 
prevent a good alternator from 
charging the batteries. 


hed CLEAN AND TIGHTEN. 


IF YOU STILL 
HAVE A PROBLEM, 
CONTINUE TESTING. 


TEST OPTIONS 


SERPENTINE BELT OK WITH ROTARY SWITCH IN RUN Me EEIE VER oe 
WIRING CONNECTIONS OK! I POSITION (ENGINE NOT RUNNING), 508) 


DO YOU HAVE BATTERY VOLTAGE 
AT ALTERNATOR OUTPUT 
TERMINAL ? 


2. MULTIMETER 


POSSIBLE PROBLEMS 


ALTERNATOR 
CONTROL BOX 


WIRING 
(No) GO TOA, 
Cres) Page 2-206 


REASON FOR QUESTION 
The alternator must be connected 
to batteries to be able to recharge 
the batteries. 


GO TO 4, 
Page 2-202 
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REFERENCE INFORMATION ALTERNATOR 


Replace serpentine belt (para. 3-81). 
CONNECTOR 


NN N T 
MM M! 


Sometimes, just disconnecting, cleaning, and 
reconnecting will solve a problem. BE THOROUGH! 
The time you save may be your own. 


Refer to the functional fiow schematic and check the 


following: AG ( % 
fs ae 
1. BATTERY - make sure all connections are clean Fi re 
and tight, including the shunt and power stud. H 6° 
a oo 
INE y 
2. STARTER - check the high current wire (heavy HN eI ee 


0 
Vg 


gauge wire 6A) at the starter. Don't just check for 
voltage; a loose connection will have voltage but 
can't carry much current. 


3. PROTECTIVE CONTROL BOX 


200-AMP DUAL VOLTAGE 
NIEHOFF ALTERNATOR 


WARNING 


Disconnect negative battery cable 
before disconnecting and reconnecting 
PCB harness. 


WARNING 


There is battery voltage at the PCB at all 
times. Fallure to disconnect battery cable 
will result in damage to equipment or Injury 
to personnel. 


Remove BOTH connectors and look for bent or 
broken pins, pins pushed out of their socket, or dirt 
and corrosion in the connections. 


INTERLEAVE TESTS 67 AND 89 
BATTERY VOLTAGE AND DC VOLTAGE 


USE CONTROL FUNCTION 06 TO INTERLEAVE 
TESTS ON THE STE/ICE-R. DIAL 06, PRESS 
THE TEST BUTTON. WHEN PROMPTED BY 


THE VTM, DIAL IN TEST 67 AND PRESS THE 
BUTTON. WHEN PROMPTED AGAIN, DIAL IN | 
TEST 89 AND PRESS THE BUTTON. VTM 

WILL DISPLAY RESULT FOR TEST 67, 

THEN 89, THEN 6789, AND THEN REPEAT. 
SEE TM 9-4910-571-12&P FOR MORE 
INFORMATION. 


400-AMP DUAL VOLTAGE 
NIEHOFF ALTERNATOR 
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ALTERNATOR 


KNOWN INFO 


BATTERIES OK 
SERPENTINE BELT OK 
ALTERNATOR 
CONNECTIONS OK 
CONTROL BOX OK 


POSSIBLE PROBLEMS 


ALTERNATOR 
ALTERNATOR DRIVE 
WIRING 


KNOWN INFO 


BATTERIES OK 
SERPENTINE BELT OK 
ALTERNATOR 
CONNECTIONS OK 
CONTROL BOX OK 
ALTERNATOR DRIVE OK 


POSSIBLE PROBLEMS 


ALTERNATOR 
WIRING 


BATTERIES OK 
SERPENTINE BELT OK 
ALTERNATOR 
CONNECTIONS OK 
CONTROL BOX OK 
ALTERNATOR DRIVE OK 


ALTERNATOR 
OUTPUT OK 


POSSIBLE PROBLEMS 


ALTERNATOR 
WIRING 


TEST OPTIONS 
STE/ICE-R TEST 10 (Page 2-490) 


FROM 3, 
Page 2-200 


START ENGINE. DOES ENGINE 
IDLE AT CORRECT SPEED 
(700 + 25 RPM)? 


REASON FOR QUESTION 
if engine idles too low, alternator 
is not driven fast enough to 

charge batteries. 


ADJUST IDLE RPM, 
SEE NOTE AT RIGHT. 


TEST OPTIONS 


1. STEACE-R TEST 10, 89 
(Pages 2-490, 2-506) 


LOCK THROTTLE AT 1,200-1,500 


7 RPM. | 
2, MULTIMETER 


IS VOLTAGE AT ALTERNATOR 
OUTPUT TERMINAL 27-29 VOLTS? 


REASON FOR QUESTION 
Alternator voltage must be 
slightly higher than battery 
voltage to recharge batteries. 


GO TOB, 
Page 2-208 


TEST OPTIONS 
1. STE/ICE-R TEST 67 (Page 2-496) 


IS VOLTAGE AT BATTERY 
TERMINALS 27-29 VOLTS? 
(SAME AS ALTERNATOR OUTPUT). 


ii 2. MULTIMETER 


REASON FOR QUESTION 
if battery vottage is much lower 
than altemator output, wiring 

resistance Is too high. 


REPAIR/REPLACE 
WIRING. SEE NOTE 
AT RIGHT, 


GO TO 7, 
Page 2-204 


2-202 Change 1 


DIAGNOSTIC FLOWCHART 


REFERENCE INFORMATION 


if the engine doesn't start on its own 
power, you should check the battery 
and starter circuits. 


NOTE 


A charged battery in good condition is a 
prerequisite for testing an altemator/regulator 
system. If battery is suspect, substitute a known 
good battery in the vehicle. 


Alternators have a large stud on side of 
housing as output terminal to connect wire 6. 


NOTES 


Check the wiring and the pins at pins E & F at PCB 
engine connector. 


Check the wiring and the pins at pins D & G at PCB 
body connector. 


Check and clean starter solenoid and battery box 
power stud. 


Check and clean battery cables and clamps. 


Look for loose, dirty, or broken connections and repair 
as necessary. If terminal voltage is still low, harness 
should be replaced. Notify DS maintenance 

(chapter 18). 
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ALTERNATOR 


NOT NJOLE ADJUSTM 


If idle can be adjusted to within limits, go to step 5. 


If idle CANNOT be adjusted to within limits, you 
may have a problem with the fuel system. You can 
either continue here or run the fuel system tests 
and return here. 


ENGINE RPM 
STE/ICE-R TEST 10 


1. Start Test 10, Engine RPM. 
2. Crank or start the engine. Displayed reading is 


RPM. Cranking rpm should be at least 100. 
idle rpm should be 625-675. 


DC VOLTAGE 0-45 VOLTS 
STEACE-R TEST 89 


1. Connect RED clip to the indicated test point, 
BLACK clip to negative or ground. 


2. Start Test 89, DC Volts. 


3. Displayed reading is in volts. 


BATTERY VOLTAGE 
STEACE-R TEST 67 


1. Start Test 67, Battery Voltage. 


2. Displayed reading is in volts. Batteries should be 
23-25.5 volts. Battery voltage will drop when 
giow plugs turn on. 
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ALTERNATOR 


KNOWN INFO 


BATTERIES OK 
SERPENTINE BELT OK 
ALTERNATOR 
CONNECTIONS OK 
CONTROL BOX OK _ 
ALTERNATOR DRIVE OK 
ALTERNATOR OUTPUT OK 


POSSIBLE PROBLEMS 


ALTERNATOR 


2-204 


FROM 6, 
Page 2-202 


WITH ENGINE RUNNING, MEASURE § STE/ICE-R TEST 80 (Page 2-505) 
CURRENT FROM ALTERNATOR 
WIRE OUTPUT TERMINAL. 


TEST OPTIONS 


IS CURRENT GREATER THAN 
30 AMPS? 


REASON FOR QUESTION 


Alternator must supply enough 
current to power vehicle loads. 


REPLACE 
ALTERNATOR. 
RERUN 
ALTERNATOR 
TESTS. 


rhe 


IF YOU STILL HAVE A PROBLEM, 
RERUN THESE TESTS TO MAKE 
SURE YOU DIDN'T MISS 


ANYTHING. IF EVERYTHING 
CHECKS OUT, RUN BATTERY 
TESTS AND ELECTRivAL TESTS. 


DIAGNOSTIC FLOWCHART 


REFERENCE INFORMATION 


NOTE 


All alternators have large stud on 
alternator case as output connector for 
wire 6. Alternator current will go up as 
you turn on vehicle accessories. 


Tum on the fights, wipers, heater, etc., to 
make sure alternator can supply enough 
current to power the loads. 


To replace alternator, refer to 
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ALTERNATOR 


BATTERY CURRENT 
STEACE-R TEST 80 


1. Start Test 80, Battery Current. 


2. Displayed reading is in amps. The reading will 
be greater then 30 amps, depending on how 
many accessories you have on. 
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ALTERNATOR 


BATTERY IS NOT CON- 
NECTED TO ALTERNATOR 
WHEN ROTARY SWITCH 
iS IN RUN POSITION 


POSSIBLE PROBLEMS 
PCB 
WIRING 


BATTERY IS NOT CON- 
NECTED TO ALTERNATOR 
WHEN ROTARY SWITCH 
IS IN RUN POSITION, 
BATTERIES CONNECTED 
TO STARTER 


POSSIBLE PROBLEMS 


PCB 
WIRING 


BATTERY {S NOT CON- 
NECTED TO ALTERNATOR 
WHEN ROTARY SWITCH IS 
IN RUN POSITION, 
BATTERIES CONNECTED 
TO STARTER 


POSSIBLE PROBLEMS 
PCB 
WIRING 


2-206 


A DIAGNOSTIC FLOWCHART 


FROM 3, 
Page 2-200 


TEST OPTIONS 


IS THE STARTER MOTOR VOLTAGE | *- raat! if 68 
THE SAME AS BATTERY VOLTAGE? 9 


2. MULTIMETER 


REASON FOR QUESTION 


The cable connecting the batteries 
to the alternator goes to the 
starter first. 


: 
WIRE 6A. 
Ces) 
| A2 | WW) 
DISCONNECT THE BATTERY 
NEGATIVE CABLE. DISCONNECT 
ENGINE CONNECTOR AT PCB. 
RECONNECT THE BATTERY NEGATIVE 
CABLE. IS THERE BATTERY VOLTAGE 


AT PIN E OF THE PCB ENGINE 
CONNECTOR HARNESS ? 


TEST OPTIONS 


1. STE/ICE-R TESTS 67, 89 
(Pages 2-496, 2-506) 


2. MULTIMETER 


REASON FOR QUESTION 


This checks the wire from the 
Starter to the PCB engine 
connector. 


9) 


REPAIR/REPLACE 
WIRE 814A. 


Eg 


TEST OPTIONS 


1. STEACE-R TEST 91 
(Page 2-508) 


REMOVE THE BATTERY NEGATIVE 
CABLE. IS THERE CONTINUITY 
(LESS THAN 20 OHMS 
RESISTANCE) FROM PIN F OF PCB 
ENGINE CONNECTOR HARNESS 
TO WIRE 6 END AT 
ALTERNATOR? 


© 


2. MULTIMETER 


REASON FOR QUESTION 
If the box is connected to the 
alternator, the relay in the PCB is 
no good. 


SEE NOTE ON 
RIGHT HAND 
PAGE. 


REFERENCE INFORMATION 


WARNING 


Disconnect negative battery cable 
before disconnecting and reconnecting 
PCB harness. 


WARNING 


There is battery voltage at the PCB at all 
times. Failure to disconnect battery cabie 
will result in damage to equipment or injury 
to personnel. : 


NOTE 


When checking for voltage or continuity in a harness 
connector (steps A2 and A3), check the wiring at the 
connector carefully for broken wires. Check to see that 
the connector pins are not bent, broken, or pushed out of 
place. Check that the connections are clean and tight. 
Use the STE/ICE-R in TK mode for this measurement. 
DO NOT USE THE DCA. Leave the negative battery 
cable off for the measurement. If there is an open circuit, 
the STE/ICE-R will measure close to 500 ohms. !f you 
don't have continuity or voltage, and the wires and 
connections are all OK, then the harness must have a 
broken wire. In this case, you have to replace the wiring 
hamess. Repiace harness and notify DS maintenance 
(chapter 18). 


Replace PCB|(para. 4-4)| 
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ALTERNATOR 


INTERLEAVE TEST 67 AND 68 
BATTERY VOLTAGE AND DC VOLTAGE 


USE CONTROL FUNCTION 06 TO INTERLEAVE 
TESTS ON THE STE/CE-R. DIAL 06, PRESS 
THE TEST BUTTON. WHEN PROMPTED BY 
THE VTM, DIAL IN TEST 67 AND PRESS THE 
BUTTON. WHEN PROMPTED AGAIN, DIAL IN 
TEST 68 AND PRESS THE BUTTON. VTM 

WILL DISPLAY RESULT FOR TEST 67, THEN 68, 
THEN 6768, AND THEN REPEAT. SEE TM 
9-4910-571-12&P FOR MORE INFORMATION. 


INTERLEAVE TEST 67 AND 89 
BATTERY VOLTAGE AND DC VOLTAGE 


USE CONTROL FUNCTION 06 TO INTERLEAVE 
TESTS ON THE STE/ICE-R. DIAL 06, PRESS 
THE TEST BUTTON. WHEN PROMPTED BY 
THE VTM, DIAL IN TEST 67 AND PRESS THE 
BUTTON. WHEN PROMPTED AGAIN, DIAL IN 
TEST 89 AND PRESS THE BUTTON. VTM 

WILL DISPLAY RESULT FOR TEST 67, THEN 89, 
THEN 6789, AND THEN REPEAT. SEE TM 
9-4910-571-12&P FOR MORE INFORMATION. 


RESISTANCE AND CONTINUITY 
0-4,500 OHMS 
STE/ACE-R TEST 91 


1. Connect RED clip and BLACK clip to the 
terminations indicated in the question. RED to 
the first, BLACK to the second. 


2. Start Test 91, 0-4,500 Ohms. 
3. Displayed reading is in ohms. Less than 5 ohms 


is continuity. If the resistance is over 4,500 
ohms, STE/ICE-R displays .9.9.9.9. 
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ALTERNATOR 


KNOWN INFO 


VOLTAGE OUTPUT 
INCORRECT 


POSSIBLE PROBLEMS 


WIRING 
ALTERNATOR 
REGULATOR 


KNOWN INFO 


VOLTAGE OUTPUT 
INCORRECT 
REGULATOR HAS 
ENERGIZING 
VOLTAGE 


POSSIBLE PROBLEMS 


| ALTERNATOR 
REGULATOR 
WIRING 


TEST OPTIONS 


B 
FROM 5 
Page 2-202 


IS THIS A NIEHOFF 200 AMP DUAL 
VOLTAGE ALTERNATOR? 


REASON FOR QUESTION 


Must know model of alternator to 
perform proper tests. 


(no) SEE NOTE ON 
OPPOSITE PAGE 


START ENGINE AND ALLOW TO IDLE 
AT 1200-1500 RPM FOR 2-3 MINUTES. 


TEST OPTIONS 


STE/ACE-R TEST 10, and 89 
(pages 2-490 and 2-506) 


RECHECK VOLTAGE OUTPUT. 


REASON FOR QUESTION 


Determine if high or low output 
voltage. 


IS ALTERNATOR OUTPUT LESS THAN 
§ 26 VOLTS? 


IF OUTPUT VOLTAGE 
iS OVER 30.5 VOLTS, 
REPLACE 
REGULATOR 
(Para 4-8) 


TEST OPTIONS 


IDLE ENGINE AT 1200-1500 RPM. DOES J MULTIMETER 
VOLTAGE ON 14 VOLT OUTPUT 
TERMINAL (YELLOW INSULATOR) 
MEASURE BETWEEN 13.4-14.6 VOLTS? 


REASON FOR QUESTION 


Determine if high or low output 
voltage. 


IF OUTPUT VOLTAGE IS NOT 
CORRECT, REPLACE REGULATOR 
(Para 4-8) RECHECK VOLTAGE. IF 
VOLTAGE IS STILL NOT CORRECT, 
REPLACE ALTERNATOR 
(Para 4-5) 


GO TO B4 Page 2-210 


2-208 


Change 1 


DIAGNOSTIC FLOWCHART 


TM 9-2320-387-24-1 


REFERENCE INFORMATION ALTERNATOR 


NOTE 


For 200 amp dual voltage Niehoff alternator, continue with B. 
For 400 amp dual voltage Niehoff alternator, go to 
C, page 210.2. 
NOTE 
The regulator for this model alternator has 
overvoltage protection. Any output voltage over 
30.5 volts is an overvoltage. 


Output voltage of 26-30.5 is acceptable for this 


alternator, 
NOTE ENGINE RPM 
The regulator for this alternator has STE/ICE-R TEST 10 
overvoltage protection. Any output voltage 
over 30.5 volts is an overvoltage. 1. Start test 10, Engine RPM. 
Output voltage of 26-30.5 is acceptable for this 2. Crank or start the engine. Displayed reading is 


alternator. rpm. Engine rpm should be 1,200-1,500. 


DC VOLTAGE 0-45 VOLTS 
STEICE-RTEST89 


1. Connect RED clip to the indicated test point, 
BLACK clip to negative or ground. 


2. Start Test 89, DC Volts. 


3. Displayed reading is in volts. 


Change 1 2-209 
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ALTERNATOR | ees DIAGNOSTIC FLOWCHART 
Page 2-208 


KNOWN INFO 


VOLTAGE OUTPUT 
INCORRECT 


TEST OPTIONS 


TURN ROTARY SWITCH TO RUN 1, STE/ICE-R TEST 89 
POSITION. CHECK FOR BATTERY (Page 2-506) 


VOLTAGE AT RED (ENERGIZED) SMEAR 
TERMINAL ON REGULATOR. IS 


BATTERY VOLTAGE PRESENT? 
REASON FOR QUESTION 


As wire 568A is stubbed off, the 
voltage from wire 5A on red terminal 
signals regulator to turn on. 


POSS!BLE PROBLEMS 


ALTERNATOR 
REGULATOR 


NOTIFY DS MAINTENANCE 
TO REPAIR OR REPLACE 
WIRING HARNESS 


TEST OPTIONS 


STEACE-R TEST 10 and 90 
(pages 2-490 and 2-507} 


DISCONNECT ALTERNATOR- 
TO-REGULATOR CABLE. START 
ENGINE AND SET IDLE 1200-1500 RPM. 
USING 15-AMP CAPACITY JUMPER 
WIRE, MOMENTARILY CONNECT PIN A 
OF ALTERNATOR CONNECTOR TO 
ENGINE GROUND. DOES CURRENT 
AND VOLTAGE RISE DURING 
CONNECTION? 


| KNOWN INFO 


| VOLTAGE OUTPUT 
INCORRECT 

REGULATOR HAS 

ENERGIZING VOLTAGE 


POSSIBLE PROBLEMS 


ALTERNATOR 
REGULATOR 


REASON FOR QUESTION 
This connection applies full 
current loading to field coil. 
Alternator current output should 
be near maximum. 


REPLACE ALTERNATOR 
(Para 4-5). THEN GO TO 
5, Page 2-202 


REPLACE REGULATOR 
(Para 4-8). THEN GO 
TO 5, Page 2-202 


2-210 Change 1 
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REFERENCE INFORMATION ALTERNATOR 


1. Slide boot back from wire lug to expose red terminal. 
2. Make contact at stud. 


0-45 DC VOLTS 
STE/ICE-R TEST 89 


1. Connect RED clip to the indicated test point, 
BLACK clip to negative or ground. 


2. Start Test 89, DC volts. 


CONNECTOR 


3. Displayed reading is in volts. 


RED TERMINAL 


REGULATOR 


=) 


Ps 
04° 


=> 
“4 
Bt 
f _ 
H Oo 
; ® 
a6 
FI i) 
INE o0 
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ENGINE RPM 
STE/ICE-R TEST 10 


1. Start Test 10, Engine RPM. 


G; a 


2. Crank or start the engine. Displayed reading is 
RPM. Set engine to fast idle of 1200-1500 RPM. 


0-1500 AMPS DC 
STE/ICE-R TEST 90 


1. Connect probe. 


2. Start Test 90, DC amps. 


3. Displayed reading is in amps. 


Change 1 2-210.1 
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ALTERNATOR Cc DIAGNOSTIC FLOWCHART 
- FROM B1, 


Page 2-208 


IS THIS A NIEHOFF 400 AMP DUAL 
VOLTAGE ALTERNATOR? 


TEST OPTIONS 
VISUAL 


REASON FOR QUESTION 


Must know model of alternator to 
perform tests. 


SEE NOTE 
OPPOSITE PAGE 


TEST OPTIONS 


STE/ICE-R TEST 10 
(page 2-490) 


KNOWN INFO 


VOLTAGE OUTPUT 
INCORRECT 


START ENGINE AND ALLOW TO IDLE 
AT 1200-1500 RPM FOR 2-3 MINUTES. 
RECHECK VOLTAGE OUTPUT. JS 

ALTERNATOR OUTPUT LESS THAN 26 | 
VOLTS? 


REASON FOR QUESTION 
Determine if high or low output 
voltage. 


POSSIBLE PROBLEMS 


ALTERNATOR 
REGULATOR ® iF OUTPUT VOLTAGE IS 
WIRING OVER 30.5 VOLTS, 


REPLACE REGULATOR 
(Para 4-8.1) 


KNOWN INFO 


IDLE ENGINE AT 1200-1500 RPM. 
DOES VOLTAGE ON 14 VOLT OUTPUT 
TERMINAL (YELLOW INSULATOR) 
MEASURE BETWEEN 13.4-14.6 

f VOLTS? 


TEST OPTIONS 
MULTIMETER 


VOLTAGE OUTPUT 
INCORRECT 

REGULATOR HAS 
ENERGIZING VOLTAGE 


REASON FOR QUESTION 
Determine if high or low output 
voltage. 


POSSIBLE PROBLEMS 


ALTERNATOR 
REGULATOR 


(F OUTPUT VOLTAGE IS NOT 
CORRECT, REPLACE REGULATOR 
(Para RECHECK VOLTAGE. IF 
VOLTAGE IS STILL NOT CORRECT, 
REPLACE ALTERNATOR (Para 
4-8,3) 


GO TO C4, 
Page 2-210.4 


2-210.2 Change 1 


REFERENCE INFORMATION 


NOTE 


TM 9-2320-387-24-1 


ALTERNATOR 


For 200 amp dual voitage Niehoff alternator, go to B, page 2-208. 
For 400 amp dual voltage Niehoff alternator, continue with C. 


NOTE 


The regulator for this model alternator has 
overvoitage protection. Any output voltage over 
30.5 volts is an overvoltage. 


Output voltage of 26-30.5 is acceptable for this 
alternator. 


NOTE 
The regulator for this alternator has 
overvoltage protection. Any output voltage 
over 30.5 volts is an overvoltage. 


Output voltage of 26-30.5 is acceptable for this 
alternator. 


ENGINE RPM 
STE/ICE-R TEST 10 


1. Start test 10, Engine RPM. 


2. Crank or start the engine. Displayed reading is 
RPM. Engine RPM should be 1200-1500. 


0-45 DC VOLTS 
STE/ICE-R TEST 89 


1. Connect RED clip to the indicated test point, 
BLACK clip to negative or ground. 


2. Start Test 89, DC Volts. 


3. Displayed reading is in volts. 


Change 1 2-210.3 
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ALTERNATOR 


KNOWN INFO 


VOLTAGE OUTPUT 
INCORRECT 


POSSIBLE PROBLEMS 


ALTERNATOR 
REGULATOR 
WIRING 


KNOWN INFO 


VOLTAGE OUTPUT 
INCORRECT 


REGULATOR HAS 
ENERGIZING VOLTAGE 


POSSIBLE PROBLEMS 


ALTERNATOR 
REGULATOR 


2-210.4 Change 1 


| CONNECTION? 


REPLACE REGULATOR 
(Para 4-8.1). THEN GO 
TO 5, Page 2-202 


FROM C3, Page 
2-210.2 


TEST OPTIONS 


1. STE/ICE-R TEST 89 
(page 2-506) 


TURN ROTARY SWITCH TO RUN 
POSITION. CHECK FOR BATTERY 
VOLTAGE AT RED (ENERGIZE) 
TERMINAL ON REGULATOR. IS 
BATTERY VOLTAGE PRESENT? 


2. MULTIMETER 


REASON FOR QUESTION 
As wire 568A is stubbed off, the 
voltage from wire 5A on red 

terminal signals regulator to turn 
on. 


NOIFY DS 
MAINTENANCE TO 
REPAIR OR REPLACE 
WIRING HARNESS 


TEST OPTIONS 


STE/ICE-R TEST 10 AND 90 


DISCONNECT ALTERNATOR- 
(pages 2-490 and 2-507) 


TO-REGULATOR CABLE. START 
ENGINE AND SET IDLE 1200-1500 
RPM. USING 15-AMP CAPACITY 
JUMPER WIRE, MOMENTARILY 
CONNECT TO PIN A OF ALTERNATOR 
CONNECTOR. DOES CURRENT AND 
VOLTAGE RISE DURING 


REASON FOR QUESTION 
This connection applies full current 
loading to field coil. Alternator 
current output should be near 
maximum. 


REPLACE ALTERNATOR 
(Para 4-8.3). THEN GO TO 
5, Page 2-202 


DIAGNOSTIC FLOWCHART 


REFERENCE INFORMATION 


7 


TM 9-2320-387-24-1 


ALTERNATOR 


1, Slide boot back from wire lug to expose red terminal. CONNECTOR Se See 
2. Make contact at stud. RED TERMINAL = 


REGULATOR 
0-45 DC VOLTS 
STE/ICE-R TEST 89 


1. Connect RED clip to the indicated test point, 
BLACK clip to negative or ground. 


2. Start Test 89, DC Volts. 


3. Displayed reading is in volts. 


ENGINE RPM 
STE/ICE-R TEST 10 


1. Start Test 10, Engine RPM. 


2. Crank or start the engine. Displayed reading is 
RPM. Set engine to fast idle of 1200-1500 RPM. 


0-1500 AMPS DC 
STE/ICE-R TEST 90 


1. Connect probe. 


2. Start Test 90, DC amps. 


3. Displayed reading is in amps. 


Change 1 2-211/(2-212 blank) 


TM 9-2320-387-24-1 


2-34. PROTECTIVE CONTROL BOX TESTS 


These Protective Contro! Box tests can be run any time you think there may be a problem 
with the protective control box, or if you were sent here from another system chain. 


NOTE 


¢ To perform PCB diagnostics, a PCB test module is needed. 
¢ For fabrication of PCB test module, refer to Appendix D, Figures 47-60. 


2-213 


TM 9-2320-387-24-1 


PROTECTIVE CONTROL BOX C staat > 


2-214 


ENGAGE PARKING BRAKE. 
ENSURE ALL VEHICLE GROUNDS 
AFFECTING PROTECTIVE 
CONTROL BOX ARE SECURE. 


ENSURE ALL ENGINE AND 
ELECTRICAL ACCESSORY 
SWITCHES ARE IN THE 


OFF POSITION. 


PLACE TRANSMISSION AND 
TRANSFER CASE SHIFT 
LEVERS IN NEUTRAL DRIVE 
POSITION. 


GO TO 4, 
Page 2-216 


DIAGNOSTIC FLOWCHART 


TM 9-2320-387-24-1 


REFERENCE INFORMATION PROTECTIVE CONTROL BOX 


1. Remove instrument panel{(para. 4-19). 

2. Remove nut and lockwasher assembly and 
engine hamess ground lead 3C from body. 
Remove nut and lockwasher assembly, 
capscrew, and harness ground leads 57A 
and 79A from body. Discard nut and 
lockwasher assemblies. 

3. Inspect and clean wires and connection points. 

4. Apply antiseize compound to hamess ground 
jeads 57A and 79A and instail on body with 
capscrew and nut and fockwasher assembly. 
Apply antiseize compound to engine harness 
ground lead 3C and install on body with nut 
and lockwasher assembly. 

5. Cover ieads 3C, 57A, and 79A with RTV. 

6. Install instrument panel (para. 4-T5). 


HARNESS GROUND 
LEAD 3C 
a ee NUT AND LOCKWASHER 
ASSEMBLY 
. = 
) ———_ ~ ae NUT AND LOCKWASHER 
=| ASSEMBLY 


HARNESS GROUND 
LEAD 57A 


PANEL 


2-215 
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PROTECTIVE CONTROL BOX DIAGNOSTIC FLOWCHART = 
Page 2-21 4 CN) 


DISCONNECT BATTERY 
GROUND CABLE. 


DISCONNECT THE BODY AND 
ENGINE WIRING HARNESS 
CANNON PLUGS FROM 
PROTECTIVE CONTROL BOX. 


CONNECT DIAGNOSTIC TEST 
MODULE HARNESS RECEPTACLE 
AND CONNECTORS TO BODY AND 
ENGINE WIRING HARNESS 
CANNON PLUGS. 


GO TO 7, 
Page 2-218 


2-216 
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REFERENCE INFORMATION PROTECTIVE CONTROL BOX 


D 


WARNING 


Disconnect negative battery cable before 
disconnecting and reconnecting PCB 
harness. Failure to do so may result in injury 
to personnel or damage to equipment. 


2-217 
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PROTECTIVE CONTROL BOX FROM 6, 
Page 2-216 


POSSIBLE PROBLEMS 


BATTERIES BAD 

LEAD 578 BAD GROUND 
PARKING BRAKE SWITCH BAD 
BODY HARNESS WIRES BAD 


GLOW PLUG CONTROLLER 


BAD 
ALTERNATOR BAD 
HARNESS WIRE 2A BAD 
IGNITION SWITCH BAD 
HARNESS WIRE 29A BAD 
HARNESS WIRE 29C BAD 
PROTECTIVE CONTROL 

BOX BAD 


LEAD 578 BAD GROUND 


PARKING BRAKE SWITCH BAD 
BODY HARNESS WIRES BAD 


ALTERNATOR BAD 

HARNESS WIRE 2A BAD 

IGNITION SWITCH BAD 

HARNESS WIRE 29A BAD 

HARNESS WIRE 29C BAD 

PROTECTIVE CONTROL 
BOX BAD 


LEAD 57B BAD GROUND 


PARKING BRAKE SWITCH BAD 
BODY HARNESS WIRES BAD 


ALTERNATOR BAD 

HARNESS WIRE 2A BAD 

IGNITION SWITCH BAD 

HARNESS WRE 29A BAD 

HARNESS WIRE 29C BAD 

PROTECTIVE CONTROL 
BOX BAD 


2-218 


DIAGNOSTIC FLOWCHART 


TEST OPTIONS 


CONNECT BATTERY GROUND 1. TRY IT. 


CABLE WITH IGNITION SWITCH 

IN THE OFF POSITION. ARE ANY 
LEDs ON? (REFER TO TABLE AT 
RIGHT.) 


2. VISUAL 


REASON FOR QUESTION 


If no LEDs are ON, that would 
indicate malfunctioning batteries. 


GO T01, 
Page 2-238 


TEST OPTIONS 


VISUAL 


REASON FOR QUESTION 


If these LEDs are not ON, that 
would indicate PCB malfunctions. 


REPLACE 


PROTECTIVE 
CONTROL BOX. 


Peer TEST OPTIONS 


IS LED 7 ON? VISUAL 


REASON FOR QUESTION 


If this LED is not ON, that would 
indicate a bad connection to 
ground. 


aiid REPAIR GROUND 


BODY HARNESS 
WIRE 57B. 


0 


GO TO 10, 
Page 2-220 


TM 9-2320-387-24-1 


REFERENCE INFORMATION PROTECTIVE CONTROL BOX 


IGNITION 
SWITCH 
POSITION 


DIAGNOSTIC CHECKS 
(GO TASKS) 


OFF LEDs 1,3,4,6,7 - ON; Remaining LEDs OFF. 


RUN LEDs 1,2,3,4.5,6,7,8,11,13 - ON. 
LED 13 - OFF atter a few seconds (glow plug warm-up time). 


(ENGINE NOT LED 13 - OFF (if engine is at operating temperature). ; 
LED 11 - CYCLING ON and OFF (glow piug controller operation). 
RUNNING) | LEDs 9,10,12 - OFF. 
Release parking brake lever. LED 6 - OFF. 
Engage parking brake lever. LED 6 - ON. 


START LED 10 - Momentarily ON and then remains OFF (starter motor 
(ENGINE frequency lockout). 
CRANKING) 


RUN LEDs 1,2,3,4,5,6,7,8,9,12 - ON. 
(ENGINE LED 11 - cycling ON and OFF (glow plug controller operation): 
RUNNING) OFF time interval increases as engine warms up. 
LED 11 - OFF (when engine is at operating temperature). 
LED 11 may remain OFF (when engine is at operating temperature 
from previous run). 
LED 13 - OFF. 
Release parking brake lever. LED 6 - OFF. 
Engage parking brake lever. LED 6 - ON. 


WARNING 


Disconnect negative battery cable 
before disconnecting and reconnecting 
PCB harness. Failure to do so may 
result in injury to personnel or damage 
to equipment. 


Replace PC8(para. 4-4). 


Repair lead connectors (para. 4-80). 
Repair lead (para. 4-80). 


2-219 
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PROTECTIVE CONTROL BOX EROM 6 DIAGNOSTIC FLOWCHART 
| 10 | TEST OPTIONS 


PARKING BRAKE SWITCH BAD 

BODY HARNESS WIRES BAD 

GLOW PLUG CONTROLLER 
BAD ; 


ALTERNATOR BAD 

HARNESS WIRE 2A BAD 

IGNITION SWITCH BAD 

HARNESS WIRE 29A BAD 

HARNESS WIRE 29C BAD 

PROTECTIVE CONTROL 
BOX BAD 


PARKING BRAKE SWITCH BAD 

BODY HARNESS WIRES BAD 

GLOW PLUG CONTROLLER 
BAD 


ALTERNATOR BAD 

HARNESS WIRE 2A BAD 

IGNITION SWITCH BAD 

HARNESS WIRE 29A BAD 

HARNESS WIRE 29C BAD 

PROTECTIVE CONTROL 
BOX BAD 


POSSIBLE PROBLEMS 


PARKING BRAKE SWITCH BAD 
BODY HARNESS WIRES BAD 
GLOW PLUG CONTROLLER 
BAD 
ALTERNATOR BAD 
HARNESS WIRE 2A BAD 
IGNITION SWITCH BAD 
HARNESS WIRE 29A BAD 
HARNESS WIRE 29C BAD 
PROTECTIVE CONTROL 
BOX BAD 


2-220 


WITH THE IGNITION SWITCH IN 1. TRY IT. 


RUN (ENGINE NOT RUNNING) 
POSITION, ARE ANY LEDs ON? 
(REFER TO TABLE AT RIGHT.) 


2. VISUAL 


REASON FOR QUESTION 


If no LEDs are ON, that would 
indicate malfunctioning batteries. 


GO TO 1, 
Page 2-238 


TEST OPTIONS 


IS LED 7 ON? VISUAL 


REASON FOR QUESTION 


If these LEDs are not ON, that 
would indicate a bad connection 
to ground. 


REPAIR GROUND 
BODY HARNESS 
WIRE 578. 


TEST OPTIONS 
VISUAL 


REASON FOR QUESTION 


If those LEDs are not ON, that 
would indicate a PCB maifunction. 


REPLACE 
PROTECTIVE 
CONTROL BOX. 


GO TO 13, 
Page 2-222 


REFERENCE INFORMATION 


IGNITION 
SWITCH 
POSITION 


OFF 
RUN 


(ENGINE NOT 
RUNNING) 


START 
(ENGINE 
CRANKING) 


RUN 
(ENGINE 
RUNNING) 


Repair lead connectors 
Repair lead (para. 4-80). 


WARNING 


Disconnect negative battery cable 
before disconnecting and reconnecting 
PCB harness. Failure to do so may 
result in injury to personnel or damage 
to equipment. 


Replace PCB 


TM 9-2320-387-24-1 


PROTECTIVE CONTROL BOX 


DIAGNOSTIC CHECKS 
(GO TASKS) 


LEDs 1,3,4,6,7 - ON; Remaining LEDs OFF. 


LEDs 1,2,3,4,5,6,7,8,11,13 - ON. 
LED 13 - OFF after a few seconds (glow piug warm-up time). 


LED 13 - OFF {if engine is at operating temperature). 

LED 11- CYCLING ON and OFF (glow plug controller operation). 
LEDs 9,10,12 - OFF. 

Release parking brake lever. LED 6 - OFF. 

Engage parking brake lever. LED 6 - ON. 


LED 10 - Momentarily ON and then remains OFF (starter motor 
frequency lockout). 


LEDs 1,2,3,4,5,6,7,8,9,12 - ON. 

LED 11 - cycling ON and OFF (glow plug controller operation): OFF 
time interval increases as engine warms up. 

LED 11 - OFF (when engine is at operating temperature). 

LED 11 may remain OFF (when engine is at operating temperature 
from previous run). 

LEO 13 - OFF. 

Release parking brake lever. LED 6 - OFF. 

Engage parking brake lever. LED 6 - ON. 


2-221 
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PROTECTIVE CONTROL BOX DIAGNOSTIC FLOWCHART 
Page 2-220 


TEST OPTIONS 
1. TRY IT. 


IS LED 13 ON? 
IF ENGINE IS AT OPERATING 
TEMPERATURE, LED 13 WILL 
NOT COME ON. 


POSSIBLE PROBLEMS 


PARKING BRAKE SWITCH BAD 

BODY HARNESS WIRES BAD 

GLOW PLUG CONTROLLER 
BAD 


2. VISUAL 


ALTERNATOR BAD 
HARNESS WIRE 2A BAD 
IGNITION SWITCH BAD 
HARNESS WIRE 29A BAD 
HARNESS WIRE 29C BAD 
PROTECTIVE CONTROL (no) 


REASON FOR QUESTION 


If this LED is not ON, that would 
indicate either malfunctioning ignition 
switch, damaged hamess wires 29A 

and 29C, or malfunctioning PCB. 


GO TOA, 


BOX BAD Page 2-234 


Cts) 


TEST OPTIONS 


BATTERIES OK IS LED 5 ON? VISUAL 


LEAD 57B GROUND OK 
IGNITION SWITCH OK 
HARNESS WIRE 29A OK 
HARNESS WIRE 290 OK 


POSSIBLE PROBLEMS 


PARKING BRAKE SWITCH 
BAD 

BODY HARNESS WIRES BAD 

GLOW PLUG CONTROLLER 


REASON FOR QUESTION 


if this LED is not ON, that would 
indicate PCB malfunctions. 


BAD (xo) REPLACE 
ALTERNATOR BAD PROTECTIVE 
HARNESS WIRE 2A BAD CONTROL BOX. 


PROTECTIVE CONTROL Cyes ) 


BOX BAD os 


TEST OPTIONS 


BATTERIES OK “i 
LEAD 57B GROUND OK IS LED 6 ON? oa 
IGNITION SWITCH OK 

HARNESS WIRE 29A OK 
HARNESS WIRE 29C OK 


POSSIBLE PROBLEMS 


PARKING BRAKE SWITCH 


BAD If this LED is not ON, that would 
indicate a parking brake switch 
BODY HARNESS WIRES BAD of 


GLOW PLUG CONTROLLER ies Ania esa Lg damage to body 
gehen REPLACE PARKING 


ALTERNATOR BAD BRAKE SWITCH AND/ 
HARNESS WIRE 2A BAD OR REPAIR WIRES IN 


PROTECTIVE CONTROL CyEs) BODY HARNESS. 
BOX BAD 


GO TO 16, 
2-222 Page 2-224 


REASON FOR QUESTION 


TM 9-2320-387-24-1 


REFERENCE INFORMATION PROTECTIVE CONTROL BOX 


WARNING 
Disconnect negative battery cable before 
disconnecting and reconnecting PCB 
harness. Failure to do so may result in 
injury to personnel or damage 


to equipment. 


Replace PCO (para. 4-4). 


Repair lead connectors{(para, 4-80). 
Repair leads (para. 4-80). 


2-223 
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PROTECTIVE CONTROL BOX DIAGNOSTIC FLOWCHART 7 
Page 2-222 


BATTERIES OK TEST OPTIONS 


LEAD 57B GROUND OK 

IGNITION SWITCH OK 9 1. TRY IT. 
HARNESS WIRE 29A OK IS LED 8 ON’ 

HARNESS WIRE 29C OK 2. VISUAL 
PARKING BRAKE SWITCH OK 


BODY HARNESS WIRES OK 
POSSIBLE PROBLEMS 


GLOW PLUG CONTROLLER 
BAD 

ALTERNATOR BAD 

HARNESS WIRE 2A BAD 

PROTECTIVE CONTROL BOX 

BAD 


REASON FOR QUESTION 


tf this LED is not ON, that would 
indicate a PCB malfunction. 


REPLACE 
PROTECTIVE 
CONTROL BOX. 


TEST OPTIONS 


BATTERIES OK 

LEAD 578 GROUND OK 
IGNITION SWITCH OK 
HARNESS WIRE 29A OK 
HARNESS WIRE 29C OK 
PARKING BRAKE SWITCH OK 
BODY HARNESS WIRES OK 


IS LED 11 ON? 
DURING GLOW PLUG CYCLING, 
LED 11 MAY FLICKER. 


VISUAL 


REASON FOR QUESTION 


POSSIBLE PROBLEMS 


if this LED is not ON, that would 
indicate a glow plug controlier 
malfunction. 


GLOW PLUG CONTROLLER 
BAD 
ALTERNATOR BAD 
HARNESS WIRE 2A BAD (No) 
PROTECTIVE CONTROL BOX 


GO TO D, 
Page 2-300 


TEST OPTIONS 


LEAD 57B GROUND OK 
IGNITION SWITCH OK 
HARNESS WIRE 29A OK 
HARNESS WIRE 29C OK 


WITH THE IGNITION SWITCH IN 
THE START (ENGINE CRANKING) 
POSITION, DO LEDs 11 AND 13 
GO OUT, AND DOES ENGINE 
CRANK? 


1. TRY IT. 


2. VISUAL 
PARKING BRAKE SWITCH OK 


BODY HARNESS WIRES OK 
GLOW PLUG CONTROLLER OK 


POSSIBLE PROBLEMS 


ALTERNATOR BAD 
HARNESS WIRE 2A BAD 
PROTECTIVE CONTROL (No) 


REASON FOR QUESTION 


If these LEDs do not go ON, 
that would indicate malfunctioning 
batteries. 


CHECK BATTERY 
VOLTAGE AND 
CHARGE IF NEEDED. 


BOX BAD 


GO TO 19, 
2-224 Page 2-226 


TM 9-2320-387-24-1 


REFERENCE INFORMATION PROTECTIVE CONTROL BOX 


iD) 


WARNING 


Disconnect negative battery cable before 
disconnecting and reconnecting PCB 
harness. Failure to do so may result in 
injury to personnel or damage 

to equipment. 


Replace PCH {para. 4-4). 


2-225 
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PROTECTIVE CONTROL BOX FROM 18, 
Page 2-224 


BATTERIES OK 
LEAD 57B GROUND OK 
IGNITION SWITCH OK 
HARNESS WIRE 29A OK 
HARNESS WIRE 29C OK 
PARKING BRAKE SWITCH OK 
BODY HARNESS WIRES OK 


POSSIBLE PROBLEMS 


ALTERNATOR BAD 

HARNESS WIRE 2A BAD 
PROTECTIVE CONTROL 
BOX BAD 


KNOWN INFO 


BATTERIES OK 

LEAD 57B GROUND OK 
IGNITION SWITCH OK 
HARNESS WIRE 29A OK 
HARNESS WIRE 29C OK 
PARKING BRAKE SWITCH OK 
BODY HARNESS WIRES OK 


POSSIBLE PROBLEMS 


ALTERNATOR BAD 

HARNESS WIRE 2A BAD 
PROTECTIVE CONTROL 
BOX BAD 


BATTERIES OK 

IGNITION SWITCH OK 
HARNESS WIRE 29A OK 
HARNESS WIRE 29C OK 
PARKING BRAKE SWITCH OK 
BODY HARNESS WIRES OK 


POSSIBLE PROBLEMS 


ALTERNATOR BAD 

LEAD 57B GROUND BAD 

HARNESS WIRE 2A BAD 

PROTECTIVE CONTROL 
BOX BAD 


TEST OPTIONS 
VISUAL 


DOES LED 10 MOMENTARILY 
COME ON THEN STAY OFF? 


REASON FOR QUESTION 


If this LED is not ON, that would 
indicate a PCB malfunction. 


REPLACE 
PROTECTIVE 
CONTROL BOX. 


TEST OPTIONS 
1. TRY IT. 


WITH THE IGNITION SWITCH IN 
THE RUN (ENGINE RUNNING) 
POSITION, ARE LEDs 2, 3, 4, 5, 
AND 8 ON? 


2. VISUAL 


REASON FOR QUESTION 


If these LEDs are not ON, that 
would indicate a PCB malfunction. 


REPLACE 


BOX. 


TEST OPTIONS 


IS LED 7 ON? sIShat 


REASON FOR QUESTION 


If this LED is not ON, that would 
indicate a bad connection to 
ground. 


REPAIR GROUND 
BODY HARNESS 
WIRE 578. 


© 


DIAGNOSTIC FLOWCHART 


2-226 


GO TO 22, 
Page 2-228 


REFERENCE INFORMATION 


WARNING 


Disconnect negative battery cable before 
disconnecting and reconnecting PCB 
harness. Failure to do so may result in 
injury to personnel or damage 

to equipment. 


Replace PCB{para. 4-4). 


WARNING 


Disconnect negative battery cable before 
disconnecting and reconnecting PCB 
harness. Failure to do so may result in 
injury to personnel or damage 

to equipment. 


Replace PC& (para. 4-4). 


Repair lead connectorg(para. 4-80). 
Repair leads (para. 4-80). 


TM 9-2320-387-24-1 


PROTECTIVE CONTROL BOX 


2-227 


TM 9-2320-387-24-1 


PROTECTIVE CONTROL BOX 


BATTERIES OK 

LEAD 57B GROUND OK 
IGNITION SWITCH OK 
HARNESS WIRE 29A OK 
HARNESS WIRE 29C OK 
PARKING BRAKE SWITCH OK 
BODY HARNESS WIRES OK 
GLOW PLUG CONTROLLER OK 


POSSIBLE PROBLEMS 


ALTERNATOR BAD 

HARNESS WIRE 2A BAD 

PROTECTIVE CONTROL 
BOX BAD 


BATTERIES OK 

LEAD 57B GROUND OK 
IGNITION SWITCH OK 
HARNESS WIRE 29A OK 
HARNESS WIRE 29C OK 
PARKING BRAKE SWITCH OK 
BODY HARNESS WIRES OK 
GLOW PLUG CONTROLLER OK 


POSSIBLE PROBLEMS 


ALTERNATOR BAD 

HARNESS WIRE 2A BAD 

PROTECTIVE CONTROL BOX 
BAD 


BATTERIES OK 

LEAD 57B GROUND OK 
IGNITION SWITCH OK 
HARNESS WIRE 29A OK 
HARNESS WIRE 29C OK 
PARKING BRAKE SWITCH OK 
BODY HARNESS WIRES OK 
ALTERNATOR OK 

HARNESS WIRE 2A OK 


POSSIBLE PROBLEMS 


PROTECTIVE CONTROL BOX 


BAD 


FROM 21, 
Page 2-226 


IS LED 9 OFF AND 12 ON? 


TEST OPTIONS 
VISUAL 


REASON FOR QUESTION 


If this LED condition does 
not exist, that would indicate 
a PCB malfunction. 


REPLACE 
PROTECTIVE 
CONTROL BOX. 


TEST OPTIONS 


VISUAL 


ARE LEDs 9 AND 12 ON? 


REASON FOR QUESTION 


if these LEDs are OFF, that would 
indicate a malfunctioning 
alternator or damaged harness 
wire 2A. 


AND/OR REPAIR ENGINE 
HARNESS WIRE 
2A. 


TEST OPTIONS 
VISUAL 


WHILE ENGINE IS NOT AT 
OPERATING TEMPERATURE, 
IS LED 11 ON? 


REASON FOR QUESTION 


lf this LED is not ON, 
that would indicate a giow plug 
controller malfunction. 


GO TO D, 
Page 2-300 AND BEGIN 
TEST CHAIN AGAIN IF 
GLOW PLUG 
CONTROLLER IS 
REPLACED. 


DIAGNOSTIC FLOWCHART 


2-228 


GO TO 25, 
Page 2-230 


REFERENCE INFORMATION 


D 


WARNING 


Disconnect negative battery cable before 
disconnecting and reconnecting PCB 
harness. Failure to do so may resuit in 
injury to personnel or damage 

to equipment. 


Replace PCB (para. 4-4). 


Repair lead connector$_{para. 4-80). 
Repair leads (para. 4-60). 


TM 9-2320-387-24-1 


PROTECTIVE CONTROL BOX 


2-229 


TM 9-2320-387-24-1 


PROTECTIVE CONTROL BOX DIAGNOSTIC FLOWCHART 
Page 2-228 


BATTERIES OK 
LEAD 578 GROUND OK 
IGNITION SWITCH OK 
HARNESS WIRE 29A OK 
HARNESS WIRE 29C OK 
PARKING BRAKE SWITCH OK 
BODY HARNESS WIRES OK 
GLOW PLUG CONTROLLER 
OK 
ALTERNATOR OK 
HARNESS WIRE 2A OK 


POSSIBLE PROBLEMS 


PROTECTIVE CONTROL 
BOX BAD 


TEST OPTIONS 
VISUAL 


IS LED 11 CYCLING ON AND 
OFF? 


REASON FOR QUESTION 


{f LED is not cycling ON and OFF, 
that would indicate a PCB 
malfunction. 


REPLACE 
(No) PROTECTIVE 


Cres ) CONTROL BOX. 
| 26 | 


TEST OPTIONS 


BATTERIES OK 
LEAD 57B GROUND OK 
IGNITION SWITCH OK 
HARNESS WIRE 29A OK 
HARNESS WIRE 29C OK 
PARKING BRAKE SWITCH OK 
BODY HARNESS WIRES OK 
ALTERNATOR OK 
HARNESS WIRE 2A OK 
PROTECTIVE CONTROL BOX 
OK 


VISUAL 


AT ENGINE OPERATING 
TEMPERATURE, DOES LED 11 
STOP CYCLING ON AND OFF? 


REASON FOR QUESTION 


If LED does not stop cycling ON 
and OFF, that would indicate a 
glow plug controller malfunction. 


GO TO 01, 
Page 2-300 AND BEGIN 
TEST CHAIN AGAIN IF 
GLOW PLUG CONTROLLER 
iS REPLACED. 


POSSIBLE PROBLEMS 


GLOW PLUG CONTROLLER 


© 
me Ces) 
[27 | 


NO PROTECTIVE CONTROL BOX 
FAULT FOUND. 


GO TO 28, 
Page 2-232 


2-230 


REFERENCE INFORMATION 


WD) 


WARNING 


Disconnect negative battery cable before 
disconnecting and reconnecting PCB 
harness. Failure to do so may result in 
injury to personnel or damage 

to equipment. 


Replace PCR (para. 4-4). 


TM 9-2320-387-24-1 


PROTECTIVE CONTROL BOX 


2-231 


TM 9-2320-387-24-1 


PROTECTIVE CONTROL BOX DIAGNOSTIC FLOWCHART 
Page 2-230 @ 


DISCONNECT BATTERY 
GROUND CABLE. 


DISCONNECT BODY AND 
ENGINE WIRING HARNESS 
CANNON PLUGS FROM 
DIAGNOSTIC TEST MODULE. 


DISCONNECT CONNECTORS 
FROM PROTECTIVE 
CONTROL BOX. 


CONNECT BODY AND ENGINE 
WIRING HARNESS CANNON 
PLUGS TO PROTECTIVE 
CONTROL BOX. 


CONNECT BATTERY GROUND 
CABLE. 


2-232 


TM 9-2320-387-24-1 


REFERENCE INFORMATION PROTECTIVE CONTROL BOX 


D 


WARNING 


Disconnect negative battery cable before 
disconnecting and reconnecting PCB 
harness. Failure to do so may result in 
injury to personnel or damage 

to equipment. 


2-233 


TM 9-2320-387-24-1 


A 
FROM 13, 
Page 2-222 


PROTECTIVE CONTROL BOX DIAGNOSTIC FLOWCHART 


IF LED 5 IS ON, REPLACE 
PROTECTIVE CONTROL BOX, 
OR ELSE REPAIR/REPLACE 
IGNITION SWITCH AND/OR 
HARNESS WIRES 29A AND 29C. 


2-234 
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REFERENCE INFORMATION - PROTECTIVE CONTROL BOX 


Replace PC (para. 4-4). 
Repair/replace rotary switch((para. 4-10). 
Repair/replace leads 29A and 29C[(para. 4-80). 


2-235/(2-236 blank) 
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2-35. BATTERY CIRCUIT TESTS 


These battery circuit tests may be run any time you think you have a battery problem of if you were sent 
here by another test chain. Just follow the path, answering the questions. Additional information and 
notes are given on the facing page when necessary. 


The fold-out page shows the location of the major components of the battery circuit in case you are not 
familiar with them. Fold-out[page FP-13 may be left open for reference while testing. 


2-237 
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BATTERY CIRCUIT C start > DIAGNOSTIC FLOWCHART 


NOTHING 


TEST OPTIONS 


ARE ALL BATTERY CONNECTIONS 
CLEAN AND TIGHT ? 


POSSIBLE PROBLEMS 


REASON FOR QUESTION 
A loose or dirty connection can 


pee. make good batteries look bad and 
n liow c t to flow. 
ALTERNATOR CIRCUIT may not aliow current to flow 


CABLE CONNECTIONS CLEAN AND 
TIGHTEN ALL 


CONNECTIONS. 


TEST OPTIONS 


CONNECTIONS OK VISUAL 


ARE THE BATTERIES FILLED TO 
THE PROPER LEVEL ? 


REASON FOR QUESTION 
Batteries need water for the 
electrolyte solution. Batteries 

don't work right if the electrolyte 
level is low. 


POSSIBLE PROBLEMS 


BATTERIES 
CABLES 
ALTERNATOR CIRCUIT 


ADD WATER TO 
PROPER LEVEL. 


CONNECTIONS OK 
WATER LEVEL OK 


1. STE/ICE-R TEST 67 
(Page 2-496) 


IS BATTERY VOLTAGE 23.5-25.5 
VOLTS ? 


2. MULTIMETER 


REASON FOR QUESTION 
if the battery voltage is not 
correct, you may have bad 
batteries or a problem in the 
alternator circuit. 


POSSIBLE PROBLEMS 


BATTERIES 
CABLES 
ALTERNATOR CIRCUIT 


GO TOA, 
Page 2-242 


<5 


GOTO 4, 
2-238 Page 2-240 


REFERENCE INFORMATION 


MMON ! 


Sometimes just disconnecting, cleaning, and reconnecting 
will solve a problem. BE THOROUGH ! The time you save 
may be your own. 


Refer to the functional flow schematic and check the 
following: 


1. BATTERY - make sure all connections are clean and tight. 
This includes the interconnect cables, clamps, shunt, power 
stud, and the slave connector. Also check wires 6A and 7A 
under vehicle where they enter shunt. 


2. STARTER - check the high current (heavy gauge) wire at 
the starter. Don't just check for voltage; a loose connection 
will have voltage but can't carry much current. 


There is a ring inside the 
battery fill plugs. The water 
level should be at the ring. 


tL tt 1 
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BATTERY CIRCUIT 


BATTERY FILL PLUG 


BATTERY WATER 
LEVEL RING 


1. Start Test 67, Battery Voltage. 


2. Displayed reading is in volts. Batteries should 
be 23-25.5 volts. Batteries voltage will drop 
when giow plugs turn on. 
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BATTERY CIRCUIT Enola DIAGNOSTIC FLOWCHART . 


TEST OPTIONS 


STE/CE-R TESTS 73, 75 
(Pages 2-502, 2-504) 


CONNECTIONS OK 

WATER LEVEL OK 

BATTERY VOLTAGE 
OK 

ALTERNATOR CIRCUIT 
OK , 


POSSIBLE PROBLEMS 


BATTERIES 
CABLES 


IS BATTERY PAIR RESISTANCE 
LESS THAN 25 MILLIOHMS AND 
BATTERY RESISTANCE CHANGE 
LESS THAN 50 

MILLIOHMS/SECOND? 


(no) GO TOB, 
Page 2-244 


IS THE STARTER NEGATIVE 
CABLE VOLTAGE DROP LESS 
THAN 0.25 VOLT? 


REASON FOR QUESTION 


if either resistance reading is too 
high, the batteries are probably 
weak and may not produce 
enough power. 


TEST OPTIONS 


1. STE/ICE-R TEST 69 
(Page 2-498) 


BATTERIES OK 
ALTERNATOR CIRCUIT OK 


2. MULTIMETER 


POSSIBLE PROSLEMS 


CABLES 


REASON FOR QUESTION 
A large voltage drop indicates high 
resistance. High resistance 

means less current flow. 


REPAIR/ 
(No) REPLACE WIRE 7A. 


TEST OPTIONS 


BATTERIES OK 1. STE/ICE-R TEST 89 


IS THE VOLTAGE DROP FROM 
NEGATIVE CABLE OK (Page 2-506) 
ALTERNATOR CIRCUIT OK | § FHE POWER STUD TO THE 

STARTER LESS THAN 2. MULTIMETER 


0.25 VOLT? TEST POINT IS THE 
POWER STUD; GROUND IS THE 
STARTER TERMINAL. 


(no) REPAIR/ 
: REPLACE WIRE 6A. 


NO FAULTS 
FOUND IN BATTERY 
2-240 CIRCUIT. 


POSSIBLE PROBLEMS 


CABLES 


REASON FOR QUESTION 
A large voltage drop indicates high 
resistance. High resistance 

means less current flow. 


REFERENCE INFORMATION 


These tests check the strength of the batteries during 
engine cranking. If you don't have STE/ICE-R, skip 

_this step, but remember that you haven't tested the 
batteries under load. 


STARTER NEG. CABLE VOLTAGE DROP 
STEACE-R TEST 69 


1. Start Test 69, Starter Negative Cable Voltage 
Drop. 


2. Displayed reading is in volt. The cable voltage 
drop should be less than 0.25 volt max. 


Repair/replace wire[(para. 4-80). 


Repair/repiace wirel(para. 4-80). 
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BATTERY CIRCUIT 


BATTERY INTERNAL RESISTANCE 
STEACE-R TEST 73 


1. Disconnect wire 54A at injection pump to 
prevent starting. 


2. Disconnect glow plug controlier and fan 
solenoid. 


3. Start Test 73, Battery intemal Resistance. 


4. Wait for the GO message. Crank the engine. 


5. Resutt is displayed in milliohms. Battery 
resistance should be 25 milliohms max. 


BATTERY RESISTANCE CHANGE 
STE/CE-R TEST 75 


1. Disconnect wire 54A at injection pump to 
prevent starting. 


2. Disconnect glow plug controller and fan 
solenoid. 


3. Start Test 75, Battery Resistance Change. 
4. Wait for the GO message. Crank the engine. 
5. Result is displayed in millionms/second. 


Battery resistance change should be 
50 milliohms/second max. 


DC VOLTAGE 0-45 VOLTS 
STE/ICE-R TEST 89 


1. Connect RED clip to the indicated test point, 
BLACK clip to negative or ground. 


2. Start Test 89, DC Volts. 


3. Displayed reading is in volts. 
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BATTERY CIRCUIT oo on 4 DIAGNOSTIC FLOWCHART 
Page 2-238 


| Ai | TEST OPTIONS 


DOES EACH BATTERY MEASURE 
11-13 VOLTS? 


BATTERY VOLTAGE 
IS NOT CORRECT 


1. STE/ICE-R TEST 89 
(Page 2-506) 


2. MULTIMETER 


POSSIBLE PROBLEMS 


BATTERY OR BATTERIES 
CABLES 
ALTERNATOR 


REASON FOR QUESTION 


A good battery has 12 volts at 
70°F (22°C). 


RECHARGE 
(NO) OR REPLACE 
BATTERY. 


Cres) 
[kwown eo] AZ 


BATTERIES OK 


POSSIBLE PROBLEMS 


CABLES 


BATTERY VOLTAGE NOT 
CORRECT 


TEST OPTIONS 


1.STE/ICE-R TEST 89 
(Page 2-506) 


CHECK THE VOLTAGE DROP 
ACROSS EACH CABLE IN THE 
BATTERY BOX (SEE NOTE AT 
RIGHT). ARE ALL VOLTAGE 
DROPS LESS THAN 0.25 VOLT 
MAX? 


2. MULTIMETER 


REASON FOR QUESTION 


Everything else checks out OK. 
These cables are the only thing in 
the battery circuit we haven't 
tested. 


REPAIR/ 
REPLACE BAD 
CABLE OR 
CABLES. 


YOUR BATTERIES ARE OVER- 
CHARGED OR DISCHARGED. RUN 
THE ALTERNATOR TESTS. IF NO 


FAULTS ARE FOUND, REPLACE 
THE DEFECTIVE BATTERY OR 
BATTERIES. 


POSSIBLE PROBLEMS 


BATTERIES 
ALTERNATOR 


2-242 


REFERENCE INFORMATION 


Measure from the positive post to the 
negative post of each battery. 


For battery replacement instructions, 


refer to para. 4-74} 


NOTE 
Check these cables: 


WIRE 68, connecting the batteries 
together. Test point is the postive 
terminal of one of the batteries. 


WIRE 49A, connecting the batteries 
to the power stud. Test point is the 
power stud. 


Wire connecting the battery to the 
shunt. Test point is the shunt. 


Wire connecting shunt to ground 
stud. Test point is the shunt. 


For repair or replacement of cabies, 


refer tqpara. 4-68. 


If you use STE/ICE-R test 67 in Step 
3 on page 2-252, you may have a 
faulty DCA. Try running the tests 
using STE/ICE-R test 89 with the 
W2 cable. 


Se@ para. 4-74] (Also check each 
battery's specific gravity in accordance 
with TM 9-6140-200-14.) 


Replace battery (para. 4-74). 
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BATTERY CIRCUIT 


DC VOLTAGE 0-45 VOLTS 
STE/CE-R TEST 89 


1. Connect RED clip to the indicated test point. 


BLACK clip to negative or ground. 
2. Start Test 89, DC Volts. 


3. Displayed reading is in volts. 


. COMPANION SEAT 
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BATTERY CIRCUIT B 
FROM 4, 


Page 2-240 


DIAGNOSTIC FLOWCHART 


IS EACH BATTERY RESISTANCE 


TEST OPTIONS 


1. REARRANGE BATTERY BOX 
TO TEST ONE BATTERY. 


BATTERY RESISTANCE 
NO GOOD 


LESS THAN 25 MILLIOHMS AND 
EACH BATTERY RESISTANCE 2. pai STE/CE-R TESTS 73, 75. 
CHANGE LESS THAN 50 (Pages 2-502, 2-504). 


MILLIOHMS/SECOND ? 


POSSIBLE PROBLEMS 


BATTERIES 
CABLES 


REASON FOR QUESTION 
If either resistance reading is too 
high, the batteries are probably 
weak and may not produce 
enough power. 


BATTERIES OK 


POSSIBLE PROBLEMS 


CABLES 


2-244 


REPLACE 
(No) DEFECTIVE 


BATTERY. 
Cres) 
| B2 


CHECK THE VOLTAGE DROP 
ACROSS ALL CABLES IN THE 
BATTERY BOX (SEE NOTE AT 
RIGHT) AND THE POSITIVE AND 


NEGATIVE CABLES TO THE 
STARTER. ARE ALL VOLTAGE 
DROPS LESS THAN 0.25 VOLT? 


REPAIRFY 
REPLACE BAD 
CABLE OR 
CABLES. 


NO FAULTS FOUND. 
(IF YOU USED TESTS 73 & 75 IN 
STEP 4, P. 2-240, YOU MAY HAVE 


A PROBLEM WITH THE DCA. 
CHECK THE DCA CONNECTIONS 
AND TRY RUNNING STEP 4 
USING TESTS 77 & 79.) SEE 
NOTE TO RIGHT. 


1. STEACE-R TEST 89 
(Page 2-506) 


2. STE/ICE-R TEST 74 (STARTER 
CIRCUIT RESISTANCE) OR TEST 
69 (NEGATIVE CABLE DROP) OR 
TEST 68 (STARTER MOTOR 
VOLTAGE) (Pages 2-503, 2-498, 
2-497) 


3. MULTIMETER 


REASON FOR QUESTION 
Everything else has checked OK. 
These cables are the only thing in 
the battery circuit we haven't 
tested. 


REFERENCE INFORMATION 


’ Replace batterie¢_(para. 4-74). 


NOTE 


Check these cables: 

WIRE 68, connecting the batteries 
together. Test point is the positive 
terminal of one of the batteries. 
WIRE 494A, connecting the battery to 
the power stud. Test point is the 
power stud. 

Wire connecting the battery to the 
shunt. Test point is the negative 
terminal of the battery. 


Wire connecting shunt to ground stud. 


Test point is the shunt. 
Replace batterie¢ (para. 4-74). 


NOTE 


Tests 77 and 79 are TK tests that do the 
same thing that DCA tests 73 and 75 
do. See TM 9-4910-571-12&P for 
instructions on how to run these tests. 
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BATTERY CIRCUIT 


BATTERY INTERNAL RESISTANCE 
STEACE-R TEST 73 


1. Disconnect wire 54A at injection pump to 
prevent starting. 


2. Disconnect glow plug controller and fan 
solenoid (to keep waveform clean). 


3. Start Test 73, Battery Intemal Resistance. 


4. Wait for the GO message. Crank the 
engine. 


5. Resutt is displayed in milliohms. Battery 
resistance should be 25 millionms max. 


BATTERY RESISTANCE CHANGE 
STE/ICE-R TEST 75 


1. Disconnect wire 54A at injection pump to 
prevent starting. 


. Disconnect glow plug controller and fan 
solenoid (to keep waveform clean). 


. Start Test 75, Battery Resistance Change. 
. Wait for the GO message. Crank the engine. 
. Result is displayed in millionms/second. 


Battery resistance change should be 
50 milliohms/second max. 


DC VOLTAGE 0-45 VOLTS 
STE/ACE-R TEST 89 


1. Connect RED clip to the indicated test point, 
BLACK clip to negative or ground. 


2. Start Test 89, DC Volts. 


3. Displayed reading is in volts. 
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2-36. STARTER CIRCUIT TESTS 


The starter circuit consists of the batteries, starter solenoid, starter motor, rotary switch, parts of 
the Protective Control Box (PCB) and related electrical wiring. The relationship of these parts 
is shown in the block diagram below, and a simplified functional flow schematic is provided on 
the foldout/FP-15. 


The starter solenoid and starter motor are enclosed in housings to protect them from dirt, icing 
conditions, and other road hazards. 


When the rotary switch is turned to START, the PCB checks if the engine is running. If the 
engine is not running, the PCB sends a signal to the starter solenoid which energizes the 
solenoid windings and causes the solenoid contacts to close, sending battery power to the 
starter motor. The battery power causes the starter motor pinion gear to engage the engine 
flywheel ring gear and the engine cranks. When the engine starts, the rotary switch should be 
released, allowing it to return to the RUN position. This tells the PCB to release the starter 
solenoid which, in turn, disengages the starter motor from the engine. 


VEHICLE 
BATTERIES 


PROTECTIVE CONTROL BOX 


ALTERNATOR 


ROTARY 
SWITCH 


STARTER 
CONTROL 
CIRCUIT 


STARTER 
SOLENOID : 


ENGINE 
MECHANICAL 
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STARTER CIRCUIT 


ENGINE WON'T CRANK 
OR CRANKS SLOWLY 


WIRING 
BATTERIES 
STARTER 
SOLENOID 
ROTORY SWITCH 
ENGINE LOCKED 
PCB 


CABLES & CONNECTORS 
APPEAR OK 


POSSIBLE PROBLEMS 


WIRING 

BATTERIES 
STARTER/SOLENOID 
ROTARY SWITCH 


ENGINE LOCK 
PCB 


2-248 


C stant > DIAGNOSTIC FLOWCHART 


TEST OPTIONS 
VISUAL 


CHECK ALL CABLES AND 
CONNECTIONS (BATTERY, 
STARTER, SOLENOID, ROTARY 
SWITCH, PCB). ARE ABOVE 
COMPONENTS OK? 


REASON FOR QUESTION 


Bad connections are a very 
common problem. 


REPAIR OR 
(no) REPLACE CABLES, 
CONNECTORS. 


TEST OPTIONS 


1. STE/ICE-R TEST 67 
(Page 2-496) 


CHECK BATTERY VOLTAGE WHILE 
TRYING TO CRANK THE ENGINE. IS 
THE BATTERY VOLTAGE AT LEAST 
18 VOLTS? 


2. MULTIMETER 


3. VOLTMETER 


REASON FOR QUESTION 


If the engine cranks, you know the 
engine is not locked and the rotary 
switch is OK. 


(No) GO TO BATTERY 


GO TO 3, 
Page 2-250 


CIRCUIT, Page 2-237 


REFERENCE INFORMATION 


N af 
PROBLEM ! 
Sometimes just disconnecting, cleaning, and 
reconnecting will solve a problem. BE THOROUGH! 
The time you save may be your own. 
Refer to the functional flow schematic and check the 
following; 
1. BATTERY - make sure all connections are clean 
and tight, including the shunt and power stud. 
2. STARTER - check the high current wire (heavy 
"gauge wire 6A) at the starter. Don't just check for 
voltage; a loose connection will have voltage but 
can't carry much current. 


WARNING 


Disconnect negative battery cable before 
disconnecting and reconnecting PCB 
harness. 


WARNING 


There is battery voltage at the PCB at all times. 
Failure to disconnect battery cable will result in 
damage to equipment or injury to personnel. 


3. PROTECTIVE CONTROL BOX - Remove BOTH 
connectors and !ook for bent or broken pins, pins 
pushed out of their socket, or dirt and corrosion in 
the connections. 

4. ROTARY SWITCH - Check the wires at the switch. 
Don't just look. Feel the connections to make 
sure they're snug. Many problems can be solved 
by seeing with your fingers, not just your eyes. 


Acold engine should crank at least 100 rpm. 
A warm engine should crank at least 180 rpm. 


VOLTMETER 
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STARTER CIRCUIT 


BATTERY VOLTAGE 
STE/ICE-R TEST 67 


1. Start Test 67, Battery Voltage. 


2. Displayed reading is in volts. Batteries should 
be 23-25.5 volts. Batteries voltage will drop 
when giow plugs turn on. 


BATTERY VOLTAGE 
MULTIMETER 


1. Set the voltmeter to a DC volts scale of at least 
40 volts. 


2. Connect the RED lead to positive and the 
BLACK lead to negative. 


3. Be sure to read the correct scale. 
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STARTER CIRCUIT DIAGNOSTIC FLOWCHART 


FROM 2, 
Page 2-248 


TEST OPTIONS 
1. LISTEN. 


CABLES & CONNECTORS 
APPEAR OK 


DOES THE ENGINE CRANK AT 
LEAST 100 RPM? 


2. STE/JICE-R TEST 10 
(Page 2-490) 


REASON FOR QUESTION 
If the engine cranks, you know the 
engine is not locked and the 

rotary switch is OK. 


POSSIBLE PROBLEMS 


BATTERIES 
STARTER/SOLENOID 
ROTARY SWITCH 


ENGINE LOCK 
PCB (No) 


GO TOA, 
Page 2-254; 
H, Page 2-282 


TEST OPTIONS 
LISTEN. 


ROTARY SWITCH OK 
ENGINE NOT LOCKED 
PCB OK 


DOES THE STARTER CRANK THE 
ENGINE WITHOUT ANY GRINDING, 
SQUEAKING, OR UNUSUAL 

NOISE? 


REASON FOR QUESTION 
This is a check for mechanical 
problems such as improperly 
shimmed starter, damaged 
flywheel, or burnt starter. 


POSSIBLE PROBLEMS 


STARTER 
STARTER SHIMS 
FLY WHEEL 


BATTERIES (No) 


GO TO B, 
Page 2-258 


GO TO 5, 
Page 2-252 
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REFERENCE INFORMATION 
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STARTER CIRCUIT 


ENGINE RPM 
STEACE-R TEST 10 


1. Start Test 10, Engine RPM. 


2. Crank or start the engine. Displayed 
reading is RPM. Cranking rpm should be 
approximately 100. Idie rpm should be 

625 - 675. 
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STARTER CIRCUIT FROM 4 DIAGNOSTIC FLOWCHART 


KNOWN INFO | 5 


CRANKS OK 


TEST OPTIONS 


DOES THE STARTER STOP 
CRANKING WHEN THE ROTARY 
SWITCH IS RETURNED TO THE 

RUN OR STOP POSITIONS? 


(NO) GO TOC, 
Page 2-262 


IS THE AVERAGE STARTER 
CURRENT BETWEEN 200 AND 
300 AMPS? 


(No) GOTOD, 
Page 2-268 


POSSIBLE PROBLEMS 


ROTARY SWITCH 
STARTER 
PCB 


REASON FOR QUESTION 
The starter solenoid could be 

stuck or, more likely, there may 
be a short to the solenoid. 


1. STE/ICE-R TEST 71 
(Page 2-500) 


ROTARY SWITCH OK 
ENGINE NOT LOCKED 
PCB OK 


2. MULTIMETER 


REASON FOR QUESTION 
This will tell if the starter is 
OK and if the batteries have 
enough power to crank the 
engine. 


POSSIBLE PROBLEMS 


BATTERIES 
STARTER/SOLENOID 


KNOWN INFO 


ROTARY SWITCH OK 
ENGINE NOT LOCKED 
STARTER OK 


TEST OPTIONS 


1. STE/ICE-R TEST 67 (Page 2-496) 


IS THE BATTERY VOLTAGE 
AT LEAST 18.5 VOLTS WHILE 
CRANKING? 


2. MULTIMETER 


REASON FOR QUESTION 
A good cranking voltage, combined 
with a good starter current, shows 

that the batteries are OK. 


POSSIBLE PROBLEMS 


BATTERIES 


GO TO 
BATTERY TESTS, 
Page 2-237 


(xo) 


NO FAULTS 
2-252 FOUND. 


REFERENCE INFORMATION 
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STARTER CIRCUIT 


STARTER AVERAGE CURRENT 
STE/ICE-R TEST 71 


1. Start Test 71, Starter Average Current. 


2. Displayed reading is in amps. The starter 
should draw at least 200 amps with a peak of 
over 400 amps. 


BATTERY CURRENT 
MULTIMETER 


1. Set the voltmeter to a DC volts scale of about 1 
volt. 


2. Connect the BLACK lead to the battery side of 
the current shunt and the RED fead to the 
other end of the current shunt. 


3. Current shunt voltage is proportional to battery 
current, 100 millivolts = 1,000 amps. To get 
current, multiply millivolts x 10. 


BATTERY VOLTAGE 
STE/CE-R TEST 67 


1. Start Test 67, Battery Voltage. 


2. Displayed reading is in volts. Batteries should 
be 23-25.5 volts. Batteries voltage will drop 
when glow piugs tum on. 


BATTERY VOLTAGE 
MULTIMETER 


1. Set the voltmeter to a DC volts scale of at 
least 40 volts. 


2. Connect the RED ‘ead to positive and the 
BLACK lead to negative. 


3. Be sure to read the correct scale. 
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STARTER CIRCUIT 


ENGINE DOESNT 
CRANK AT 200 RPM 


BATTERIES 

STARTER 

NEUTRAL SAFETY 
SWITCH 

CABLES/WIRING 

ENGINE MECHANICAL 

ROTARY SWITCH 

PCB 


ENGINE CRANKS SLOWLY 


POSSIBLE PROBLEMS 


BATTERIES 

STARTER 

ENGINE MECHANICAL 
CABLES/CONNECTIONS 


BATTERY VOLTS OK 
STARTER OK 


POSSIBLE PROBLEMS 


WEAK BATTERIES 
ENGINE MECHANICAL 
CABLES/CONNECTORS 
STARTER 


A 
FROM 3, 
Page 2-250 


| Al TEST OPTIONS 


DOES THE ENGINE CRANK AT 
ALL? 


DIAGNOSTIC FLOWCHART 


REASON FOR QUESTION 


If the engine cranks, then the 
rotary switch, neutral safety 
switch and PCB are ail working. 


GO TOE, 
Page 2-270 


TEST OPTIONS 


1. STE/ICE-R TEST 67 
(Page 2-496) 


IS THE BATTERY VOLTAGE 
23-25 VOLTS? 


2. MULTIMETER 


REASON FOR QUESTION 
If batteries are weak, they 

can't provide enough current 
to crank the engine properly. 


Gt REPLACE BATTERIES 


OR CHECK EACH 
BATTERY. 


TEST OPTIONS 


IS THE BATTERY VOLTAGE AT 
LEAST 18.5 VOLTS DURING 
CRANKING? — 


1. STE/ICE-R TEST 67 (Page 2-496) 


2. MULTIMETER 


REASON FOR QUESTION 
Batteries must be able to 

maintain vottage or the engine 
won't crank. 


REPLACE 
BATTERIES. 


(x0) 


GO TO A4, 


Cres) 
2-254 SD 


Page 2-256 


REFERENCE INFORMATION 


Connect red to 
positive = power stud. 


Connect black to 
negative = battery side of current shunt. 


Replace batteries (para. 4-74). 


Connect red to 
positive = power stud. 


Connect black to 
negative = battery side of current shunt. 


Replace batteries (para. 4-74). 
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STARTER CIRCUIT 


BATTERY VOLTAGE 
STEACE-R TEST 67 


1. Start Test 67, Battery Voltage. 


2. Displayed reading is in volts. Batteries should 
be 23-25.5 volts. Batteries voltage will drop 
when glow plugs tum on. 


VOLTAGE 
MULTIMETER 


1. Set the voltmeter to a DC volts scale of at least 
40 voits. 


2. Connect the RED lead to positive and the 
BLACK lead to negative. 


3. Be sure to read the correct scale. 


VOLTMETER 
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STARTER CIRCUIT 


FROM A3, DIAGNOSTIC FLOWCHART 
Page 2-254 


TEST OPTIONS 


BATTERY VOLTAGE OK 
ENGINE CRANKS SLOWLY 


IS THE STARTER AVERAGE 
CURRENT 200-300 AMPS? 


1. STE/ICE-R TEST 71 (Page 2-500) 


2. MULTIMETER AT SHUNT 


REASON FOR QUESTION 


This is to check the condition 
of the starter and the batteries. 


WEAK BATTERIES 
STARTER 
ENGINE MECHANICAL 


CABLES/CONNECTIONS (NO) GO TOD, 
Page 2-268 


| AS | TEST OPTIONS 


ARE THE CABLE VOLTAGE 1. STENCE-A TESTS 68, 89 
DROPS LESS THAN 0.25 VOLT? a 


BATTERIES OK 
STARTER OK 


2. MULTIMETER 


POSSIBLE PROBLEMS 


CABLES/CONNECTIONS 


REASON FOR QUESTION 


High voltage drops indicate 
bad cables or connections. 


i REPAIR/REPLACE 
(No) CABLES OR 


CONNECTIONS. 


IF THE ENGINE STILL CRANKS 
SLOWLY, YOU PROBABLY HAVE 


AN INTERNAL ENGINE OR TRANS- 
MISSION PROBLEM THAT IS 
PREVENTING THE ENGINE FROM 
CRANKING PROPERLY. RUN THE 
COMPRESSION/MECHANICAL 
TEST 
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REFERENCE INFORMATION 


STARTER AVERAGE CURRENT 
STEACE-R TEST 71 


1. Start Test 71, Starter Average Current. 


2. Displayed reading is in amps. The starter 
should draw at least 200 amps with a peak of 
over 400 amps. 


Check these cables: 


Starter negative cable - STE/ICE-R test 69 


Wire 68, connecting the batteries together. 
Test point is the positive battery post. 


Wire 49A, connecting battery to power stud. 
Test point is the power stud. 


Wire connecting battery to shunt (50A). 
Test point is the positive battery post. 


Power stud to starter motor (6A). Test 
point is the power stud. 


Replace or repair cables (para. 4-68). 
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STARTER CIRCUIT 


STARTER NEG. CABLE VOLTAGE DROP 
STE/CE-R TEST 69 


1. Start Test 69, Starter Negative Cable 
Voltage Drop. 


2. Displayed reading is in volts. The cable 


voltage drop should be less than 0.25 voit 
max. 


DC VOLTAGE 0-45 VOLTS 
STE/CE-R TEST 89 


1. Connect RED clip to the indicated test point, 


BLACK clip to negative or ground. 


2. Start Test 89, DC Volts. 


3. Displayed reading is in volts. 


BATTERY CURRENT 
MULTIMETER 


1. Set the voltmeter to a DC volts scale of about 
1 volt. 


2. Connect the BLACK lead to the battery side of 
the current shunt and the RED lead to the 
other end of the current shunt. 


3. Current shunt voltage is proportiona! to 
battery current, 100 millivolts = 1,000 amps. 
To get current, multipty milivolts x 10. 


VOLTAGE 
MULTIMETER 


1. Set the voitmeter to a DC volts scale of at 
least 40 volts. 


2. Connect the RED lead to positive and the 
BLACK lead to negative. 


3. Be sure to read the correct scale. 
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STARTER CIRCUIT Be 4 DIAGNOSTIC FLOWCHART 


Page 2-250 


| B1 | TEST OPTIONS 


REMOVE STARTER AND INSPECT 
FOR DEFECTS. !S IT OK? 


BATTERIES OK 

PCB OK 

NEUTRAL SAFETY 
SWITCH OK 

ROTARY SWITCH OK 


POSSIBLE PROBLEMS 


STARTER 
FLYWHEEL 
WIRING 


VISUAL 


REASON FOR QUESTION 


If defects are visible, starter 
is faulty. 


BATTERIES OK 
STARTER NOT VISIBLY 
DEFECTIVE 


INSPECT FLYWHEEL FOR 
MISSING OR DEFECTIVE TEETH. 
IS IT OK? 


VISUAL 


POSSIBLE PROBLEMS 


STARTER 
FLYWHEEL 
WIRING 


REASON FOR QUESTION 
Bad or missing teeth on flywheel 
can cause engine to crank 

improperly or not at all. 


NOTIFY 
DS 
MAINTENANCE 
(CHAPTER 14). 


TEST OPTIONS 


BATTERIES OK 

FLYWHEEL OK 

STARTER NOT VISIBLY 
DEFECTIVE 


POSSIBLE PROBLEMS 


STARTER 


PUT STARTER BACK ON ENGINE. 
BE VERY CAREFUL TO SHIM THE 
STARTER PROPERLY. 


REASON FOR QUESTION 
The starter may have been 
improperly installed with the 
wrong shims and/or bolts. 


GO TO B4, 
Page 2-260 
2-258 


REFERENCE INFORMATION 


Remove starter motor Soleil) 
Check the pinion and gear for missing 


or broken teeth, unusual wear, bent 
pieces, etc. 

Check the pinion by tuming it on the 
screw shaft. 

Check the armature by prying the pinion 
with a screwdriver. The armature 
should turn freely. 


Replace starter|(para. 4-11). 


Disconnect the fuel solenoid, wire 54A, to 
prevent accidental starting. Rotate the engine 
with a breaker bar and socket on the crankshaft 
pulley to inspect the engine flywheel for missing 
or defective teeth. 


Replace starter 


TM 9-2320-387-24-1 


STARTER CIRCUIT 


2-259 


TM 9-2320-387-24-1 


STARTER CIRCUIT 


BATTERIES OK 

WIRING OK 

STARTER NOT VISIBLY 
DEFECTIVE 


POSSIBLE PROBLEMS 


STARTER 
ENGINE 


2-260 


FROM B3, DIAGNOSTIC FLOWCHART 
Page 2-258 


1. VISUAL 


DOES STARTER ENGAGE AND 
DISENGAGE PROPERLY? 


2. USTEN. 


REASON FOR QUESTION 
If starter still does not engage and 
disengage property, it must be 

defective. 


REPLACE 
STARTER. 


RETURN TO STARTER CIRCUIT, 
RUN STEP 4, Page 2-250. 


TM 9-2320-387-24-1 


REFERENCE INFORMATION STARTER CIRCUIT 


Replace starter (fara. 4-T1)._] 
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TM 9-2320-387-24-1 


STARTER CIRCUIT cee DIAGNOSTIC FLOWCHART 


Page 2-252 


DISCONNECT NEGATIVE BATTERY 
CABLE TO STOP CRANKING. 


TEST OPTIONS 


ENGINE WON'T STOP 
CRANKING 


REASON FOR QUESTION 
No matter what's wrong, tne 

Starter can't crank without battery 
power. 


POSSIBLE PROBLEMS 


ROTARY SWITCH 
PCB 

WIRING 
STARTER 


DISCONNECT WIRES AT ROTARY 
SWITCH. WITH SWITCH IN OFF 
POSITION, DO YOU GET: 

OPEN CIRCUIT FROM B TO S? 
OPEN CIRCUIT FROM B TO R? 
OPEN CIRCUIT FROM R TO S? 


TEST OPTIONS 


1. STE/AICE-R TEST 91 
(Page 2-508) 


ENGINE WON'T STOP 
CRANKING 


2. MULTIMETER 


REASON FOR QUESTION 
A good switch exhibits these 
open circuits in the OFF 

position. 


POSSIBLE PROBLEMS 


ROTARY SWITCH 
PCB 
WIRING 


STARTER © REPLACE 
SWITCH. 


ENGINE WONT STOR WITH ROTARY SWITCH IN RUN 
CHONSING POSITION, DO YOU GET: 
OPEN CIRCUIT FROM B TO S? 


OPEN CIRCUIT FROM R TO S? 
SHORT CIRCUIT FROM B TO R? 


TEST OPTIONS 


1. STE/ICE-R TEST 91 
(Page 2-508) 


2. MULTIMETER 


POSSIBLE PROBLEMS 


ROTARY SWITCH 
PCB 


WIRING 
STARTER (NO) REPLACE 
SWITCH. 


Ges) 


REASON FOR QUESTION 


A good switch has these opens 
and shorts. 


GO TO C4, 
2-262 Page 2-264 


REFERENCE INFORMATION 


Don't forget that your vehicle batteries 
are disconnected, so you can't run the 
STE/ICE-R from the DCA. You have to 
use the power cable and connect 
directly to the batteries. 


When the resistance is too high for 
STE/ICE-R to measure, as in the case 
of an open circuit, STE/ACE-R displays 
-9.9.9.9. 


Replace rotary switch((para4=10). 


Don't forget that your vehicle batteries 
are disconnected, so you can't run the 
STE/ICE-R from the DCA. You have to 
use the power cable and connect 
directly to the batteries. 


When the resistance is too high for 
STE/ICE-R to measure, as in the case 
of an open circuit, STE/ICE-R displays 


-9.9.9.9. 
Replace rotary switch[(para. 4-10). 


CONTINUITY (RESISTANCE) 
MULTIMETER 


1. Set the voltmeter to an ohms scale of about 


TM 9-2320-387-24-1 


STARTER CIRCUIT 


RESISTANCE AND CONTINUITY 
0-4,500 OHMS 
STEACE-R TEST 91 


1. Connect RED clip and BLACK clip to the 
indicated test points in the question. RED to 
the first, BLACK to the second. 


2. Start Test 91, 0-4,500 Ohms. 


3. Displayed reading is in ohms. Less than 5 ohms 
is continuity. If the resistance is over 4,500 
ohms, STE/ICE-R displays .9.9.9.9. 


1,000 ohms. 


. Connect the RED and BLACK leads to the 
connections stated in the question. 


. Be sure to read the correct scale. Less than 5 
ohms indicates continuity. For an open circuit, 
the meter should peg full scale (needle ail the 

way to the left). 


REAR OF ROTARY SWITCH 
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TM 9-2320-387-24-1 


STARTER CIRCUIT FROM C3, DIAGNOSTIC FLOWCHART 
Page 2-262 


RECONNECT ROTARY SWITCH. 
TURN SWITCH TO STOP. CHECK 
FOR OPEN CIRCUIT IN THE PCB 
BODY CONNECTOR HARNESS 
BETWEEN THE FOLLOWING 
SOCKETS: G-A, G-B, A-B, F-A, 
AND F-B. 

ARE THEY ALL OPEN CIRCUITS ? 


TEST OPTIONS 


1. STE/ICE-R TEST 91 
(Page 2-508) 


ROTARY SWITCH OK 


2. MULTIMETER 


POSSIBLE PROBLEMS 


PCB 
WIRING 
STARTER 


REASON FOR QUESTION 
Continuity between any of 
these pins indicates a short 
between the wires in body 
hamess 


REPAIR 
APPROPRIATE WIRE 
OR REPLACE 
HARNESS. 


TEST OPTIONS 


RECONNECT BODY CONNECTOR. || page2sos) 
DISCONNECT ENGINE 

CONNECTOR. DISCONNECT WIRE 
74A AT STARTER. IS THERE AN 
OPEN CIRCUIT FROM SOCKET E 
TO SOCKET | ENGINE 
CONNECTOR HARNESS? 


ROTARY SWITCH OK 
BODY HARNESS OK 


2. MULTIMETER 


REASON FOR QUESTION 
Continuity between these pins 
indicates a short in the engine 
hamess. 


POSSIBLE PROBLEMS 


PCB 
WIRING 
STARTER 


REPAIR WIRES 
OR 
REPLACE 
HARNESS. 


TEST OPTIONS 


ROTARY SWITCH OK 
BODY HARNESS OK 


1. STE/JICE-R TEST 91 
(Page 2-508) 


IS THERE AN OPEN CIRCUIT 
FROM SOCKET E OF PCB 
ENGINE CONNECTOR 
HARNESS TO ENGINE 
GROUND? 


2. MULTIMETER 


POSSIBLE PROBLEMS 


PCB 
WIRING 


STARTER 
(No) REPLACE 
STARTER. 


REASON FOR QUESTION 
Continuity indicates shorted 
connector in the starter 
solenoid. 


GO TO C7, 
2-264 Page 2-266 


REFERENCE INFORMATION 


Don't forget that your vehicle batteries 

are disconnected, So you can't run the 

STE/ICE-R from the DCA. You have to 

use the power cable and connect 
directly to the batteries. 


When the resistance is too high for 
STE/ICE-R to measure, as in the case 
of an open circuit, STE/ACE-R displays 
9.9.9.9. 


Repair wiring or replace harness 


(para. 4-80). 


Check the wires at the connectors for 
shorts. If there are no visible shorts, 
you have to replace the hamess. 


Repair wiring or replace harness 


(Dara. 4-80). 


Repiace starter[(para. 4-11). 


TM 9-2320-387-24-1 


STARTER CIRCUIT 


PCB BODY CONNECTOR 


RESISTANCE AND CONTINUITY 
0-4,500 OHMS 
STEACE-R TEST 91 


1. Connect RED clip and BLACK clip to the 
indicated test points in the question. RED to the 
first, BLACK to the second. 


2. Start Test $1, 0-4,500 Ohms. 


3. Displayed reading is in ohms. Less than 5 ohms 
is continuity. If the resistance ts over 4,500 
ohms, STE/ICE-R displays .9.9.9.9. 


CONTINUITY (RESISTANCE) 
MULTIMETER 


1. Set the voltmeter to an ohms scale of about 
1,000 ohms. 


2. Connect the RED and BLACK leads to the 
connections stated in the question. 


3. Be sure to read the correct scale. Less than 5 
ohms indicates continuity. For an open circuit, 
the meter should peg full scale (needle all the 

way to the left). 
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TM 9-2320-387-24-1 


STARTER CIRCUIT TR DIAGNOSTIC FLOWCHART 


TEST OPTIONS 


1. STE/ICE-R TEST 67 
(Page 2-496) 


ENGINE HARNESS OK 


RECONNECT WIRE 74A TO 
STARTER. IS BATTERY VOLTAGE 
LESS THAN 20 VOLTS ? 


2. MULTIMETER 


POSSIBLE PROBLEMS 


PCB 
BATTERY 


KNOWN INFO 


ENGINE HARNESS OK 


REASON FOR QUESTION 
Low battery voltage may, under 
the proper conditions, cause the 
starter solenoid to remain 

energized. 


e 
PCB. 
Cres) 


DISCONNECT BATTERY 
NEGATIVE CABLE. RECONNECT 
ENGINE CONNECTOR. REPLACE 
BATTERY NEGATIVE CABLE. 
REPLACE BATTERIES. TRY 


POSSIBLE PROBLEMS 


PCB 
BATTERY 


CRANKING ENGINE. IF IT WON'T 
STOP CRANKING, REPLACE PCB. 
RERUN STARTER CIRCUIT TEST 
CHAIN (STEP 1, Page 2-248). 
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TM 9-2320-387-24-1 


REFERENCE INFORMATION STARTER CIRCUIT 


BATTERY VOLTAGE 
MULTIMETER 


1. Set the voltmeter to a DC volts scale of at 
least 40 volts. 


"Replace PCB (para. 4-4). 


2. Connect the RED lead to positive and the 
BLACK lead to negative. 


3. Be sure to read the correct scale. 


BATTERY VOLTAGE 
STE/ICE-R TEST 67 
1. Start Test 67, Battery Voltage. 


2. Displayed reading is in volts. Batteries should 
be 23-25.5 volts. Batteries voltage will drop 


; when glow plugs tum on. 
Replace batteries (pata. 4-74). 
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TM 9-2320-387-24-1 


D 
FROM 6, Page 2-252 
OR A4, Page 2-256 


STARTER CIRCUIT DIAGNOSTIC FLOWCHART 


TEST OPTIONS 


CURRENT DRAW 
TOO HIGH OR LOW 


1. STEACE-R TEST 67 
(Page 2-496) 


IS BATTERY VOLTAGE 23-25.5 
VOLTS? 


2. MULTIMETCR 


POSSIBLE PROBLEMS 


BATTERIES 
STARTER 
CABLES 


REASON FOR QUESTION 


Low voltage may indicate low 
battery capacity. 


RECHARGE OR 
REPLACE 
BATTERIES. 


TEST OPTIONS 


STE/ICE-R TESTS 73, 75 
(Pages 2-502, 2-504) 


BATTERY VOLTAGE OK iS BATTERY INTERNAL 


RESISTANCE LESS THAN 25 
MILLIOHMS AND BATTERY 
RESISTANCE CHANGE LESS 
THAN 50 MILLIOHMS/SECOND? 


POSSIBLE PROBLEMS 


REASON FOR QUESTION 
Battery resistance and 
resistance change is an 
indication of the ability of the 
battery to supply current. 


BATTERIES 
STARTER 


CABLES 
: (No) REPLACE 
BATTERIES. 


Ces) 
03 | 


TEST OPTIONS 


BATTERIES OK 


1. STEACE-R TESTS 69, 89 


ARE THE POSITIVE AND (Pages 2-498, 2-506) 


NEGATIVE CABLE DROPS 


0.25 VOLT EACH? 


STARTER 
CABLES 
(No) REPLACE 
CABLE. 


REPLACE 
2-268 STARTER. 


2. MULTIMETER 


REASON FOR QUESTION 


High cable resistance may limit 
current flow. 


TM 9-2320-387-24-1 


REFERENCE INFORMATION STARTER CIRCUIT 


BATTERY VOLTAGE 
MULTIMETER 


1. Set the voltmeter to a DC volts scale of at 
least 40 volts. 


2. Connect the RED lead to positive and the 
BLACK lead to negative. 
- Replace batteries (para. 4-74). 


BATTERY VOLTAGE 
STE/CE-R TEST 67 


1. Start Test 67, Battery Voltage. 


3. Be sure to read the correct scale. 


BATTERY RESISTANCE CHANGE 
STEACE-R TEST 75 


1. Disconnect wire 54A at injection pump to 
prevent starting. 


2. Displayed reading is in volts. Batteries 
should be 23-25.5 volts. Batteries voltage will 
drop when giow plugs turn on. 


2. Disconnect glow plug controller and fan 
solenoid (to keep waveform clean). 


3. Start Test 75, Battery Resistance Change. 


4. Wait for the GO message. Crank the engine. 


5. Result is displayed in millionms/second. 
Battery resistance change should be 50 
millionms/second max. 


Replace batterieg (para. 4-74). 


BATTERY INTERNAL RESISTANCE 


STEACE-R TEST 73 DC VOLTAGE 0-45 VOLTS 


STE/JCE-R TEST 89 


1. Connect RED clip to the indicated test point, 
BLACK clip to negative or ground. 


1. Disconnect wire 54A at injection pumo to 
prevent starting. 


2. Disconnect glow plug controller and fan 
solenoid (to keep waveform clean). 2. Start Test 89, DC volts. 


3. Start Test 73, Battery Internal Resistance. 3. Displayed reading is in volts. 


4. Wait for the GO message. Crank the engine. 


5. Result is displayed in millionms. Battery 
resistance should be 25 millionms max. 


VOLTAGE 
MULTIMETER 


1. Set the voltmeter to a DC voits scale of at 
Replace cables or starterl{para 4-72 br 4-11). least 40 volts. 


2. Connect the RED lead to positive and the 
BLACK lead to negative. 


STARTER NEG. CABLE VOLTAGE DROP 
STEACE-R TEST 69 


1. Start Test 69, Starter Negative Cable Voltage 
Drop. 


3. Be sure to read the correct scale. 


2. Displayed reading is in volts. The cable 
voltage drop should be less than 0.25 volt 
max. 
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TM 9-2320-387-24-1 


STARTER CIRCUIT E DIAGNOSTIC FLOWCHART 
FROM At, 
Page 2-254 


| E1 | TEST OPTIONS 


IS BATTERY VOLTAGE AT i pelea 67 
LEAST 20 VOLTS? 9 


ENGINE WON'T CRANK 


2. MULTIMETER 


POSSIBLE PROBLEMS 


BATTERY 
STARTER 
PCB 


ROTARY SWITCH 
REPLACE 
NEUTRAL SAFETY 
SWITCH (NO) BATTERIES. 
WIRING/CABLES 


LOCKED ENGINE Ces) 


REASON FOR QUESTION 


Low battery voltage can prevent 
cranking. 


TEST OPTIONS 


1. STEACE-R TEST 68 
(Page 2-497) 


BATTERY SHOULD AT 
LEAST CRANK ENGINE 
SLOWLY 


DO YOU HAVE BATTERY 
VOLTAGE AT STARTER MOTOR 


(WIRE 6A)? 2. MULTIMETER 


POSSIBLE PROBLEMS 


STARTER 
PCB 


ROTARY SWITCH 

NEUTRAL SAFETY GO TOF, 
Swen (0) Page 2-274 

WIRING/CABLES 

LOCKED ENGINE 


VOLTAGE AVAILABLE AT 
STARTER 


REASON FOR QUESTION 


Must have voltage available at 
Starter to crank. 


TEST OPTIONS 


1. STE/ICE-R TEST 70 
(Page 2-499) 


WITH ROTARY SWITCH IN START 
POSITION, DO YOU HAVE 

BATTERY VOLTAGE AT SOLENOID 
SWITCH TERMINAL (74A)? 


2. MULTIMETER 


POSSIBLE PROBLEMS 


BATTERY 
STARTER 
PCB 


ROTARY SWITCH 

NEUTRAL SAFETY (No) 2 obs fal 
SWITCH g 

WIRING/CABLES 


LOCKED ENGINE QS) 


REASON FOR QUESTION 


Must have voltage at switch 
terminal to energize solenoid. 


GO TO E4, 
2-270 Page 2-272 


REFERENCE INFORMATION 


* Replace batterieg (para. 4-74). 


TM 9-2320-387-24-1 


STARTER CIRCUIT 


BATTERY VOLTAGE 
STE/ICE-R TEST 67 


1. Start Test 67, Battery Voltage. 


2. Displayed reading is in volts. Batteries should 
be 23-25.5 volts. Batteries voltage will drop 
when glow plugs turn on. 


BATTERY VOLTAGE 
MULTIMETER 


1. Set the voltmeter to a DC volts scale of at 
least 40 volts. 


2. Connect the RED lead to positive and the 
BLACK lead to negative. 


3. Be sure to read the correct scat!e. 


STARTER MOTOR VOLTAGE 
STEACE-R TEST 68 


1. Start Test 68, Starter Motor Voltage. 


2. Displayed reading is in volts. Starter motor 
voltage should be the same as battery 
voltage, 23-25.5 volts. During cranking, the 
starter motor voltage should be at least 18 
volts. 


STARTER SOLENOID VOLTAGE 
STE/ACE-R TEST 70 


1. Start Test 70, Starter Solenoid Voltage. 


2. Displayed reading is in volts. Starter solenoid 
voltage should be the same as battery voltage, 
23-25.5 volts. During cranking, the starter 

solenoid voltage should be at least 18 volts. 
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STARTER CIRCUIT DIAGNOSTIC FLOWCHART 


FROM E3, 
Page 2-270 


REPLACE STARTER. 


ENGINE FREE 


POSSIBLE PROBLEMS 


STARTER 


2-272 


TM 9-2320-387-24-1 


REFERENCE INFORMATION STARTER CIRCUIT 


Replace starter|(para. 4-11). 
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STARTER CIRCUIT F DIAGNOSTIC FLOWCHART 
FROM E2, 
Page 2-270 


TEST OPTIONS 


BATTERY VOLTAGE NOT 
AVAILABLE AT 
SOLENOID STUD 


CLEAN AND TIGHTEN BATTERY 
TERMINALS AND CLAMPS. 


POSSIBLE PROBLEMS 


CABLES 
CONNECTIONS 


REASON FOR QUESTION 


Dirty battery connections can 
prevent current flow. 


| F2 | TEST OPTIONS 
1. STE/ICE-R TEST 
eer CONNECTIONS IS THE STARTER POSITIVE (Page 2-506) ° 


CABLE (WIRE 6A) VOLTAGE 
DROP LESS THAN 0.25 VOLT ? 


2. MULTIMETER 


POSSIBLE PROBLEMS 


CABLE 


REASON FOR QUESTION 


High voltage drop indicates 
high resistance in the cable. 


(No) REPLACE 
CABLE. 


ae 


NO FAULTS FOUND. RUN 
BATTERY TESTS (Page 2-237). 


2-274 


REFERENCE INFORMATION 


Replace cabid (para. 4-72). 


Put the red lead on the power stud, 
and the black on the termina of the 
starter in order to measure the 
voltage along wire 6A. 


BATTERY BOX 


STARTER 
SOLENOIO 


BUSS BAR 


bs 


STARTER 
MOTOR 


TM 9-2320-387-24-1 
STARTER CIRCUIT 


DC VOLTAGE 0-45 VOLTS 
STE/CE-R TEST 89 


1. Connect RED clip to the indicated test 
point, BLACK clip to negative or ground. 


2. Start Test 89, DC Volts. 


3. Displayed reading is in volts. 


VOLTAGE 
MULTIMETER 


1. Set the voltmeter to a DC voits scale of at 
least 40 volts. 


2. Connect the RED lead to positive and the 
BLACK lead to negative. 


3. Be sure to read the correct scale. 


WIRE 6A 
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STARTER CIRCUIT G DIAGNOSTIC FLOWCHART 
FROM E3, 


Page 2-270 


| G1 | TEST OPTIONS 
NO. SOLENOID DISCONNECT WIRE 14A AT THE eee 


TURN ROTARY SWITCH TO 
START. IS THERE BATTERY 
VOLTAGE AT WIRE 14A (THE 


2. MULTIMETER 


POSSIBLE PROBLEMS 


NEUTRAL SAFETY SWITCH END)? REASON FOR QUESTION 
Current flows to neutral 
PCB safety switch before reaching 
WIRING solenoid. 
ROTARY SWITCH 
NEUTRAL SAFETY (XO) GO TOI, 
SwiscH Page 2-284 


[ kwowniwro | G2 


VOLTAGE AVAILABLE DISCONNECT WIRE 14B AT 
ROTARY SWITCH OK NEUTRAL SAFETY SWITCH. 
IS THERE CONTINUITY ACROSS 


TEST OPTIONS 


1. STE/ICE-R TEST 91 
(Page 2-508) 


2. MULTIMETER 


NEUTRAL SAFETY SWITCH 
(WIRE 14 TO WIRE 14)? 


POSSIBLE PROBLEMS 


NEUTRAL SAFETY 
SWITCH 
PCB 
WIRING ' REPLACE 
(No) NEUTRAL SAFETY 
SWITCH. 


| G3 _| 

DISCONNECT BODY CONNECTOR 
FROM PROTECTIVE CONTROL BOX. 
IS THERE CONTINUITY FROM WIRE 
14B AT NEUTRAL SAFETY SWITCH 


TO BODY CONNECTOR HARNESS 
SOCKET A? 


REASON FOR QUESTION 


If there is no continuity, then 
current will not flow through 
switch. 


TEST OPTIONS 


1. STE/AICE-R TEST 91 
(Page 2-508) 


NEUTRAL SAFETY 
SWITCH OK 


2. MULTIMETER 


REASON FOR QUESTION 
An open wire here could have 
prevented current flow 

between PCB and neutral switch. 


POSSIBLE PROBLEMS 
REPAIR 148 
(No) OR REPLACE 


PCB 
WIRING 
HARNESS. 


GO TO G4, 
2-276 Page 2-278 


REFERENCE INFORMATION 


The connections for the neutral safety 
switch can be reached by removing the 
‘engine cover. The connections are near 

the gear shift lever. 


Replace neutral safety switch (refer t@ para. 5-6)] 


WARNING 


Disconnect negative battery cable 
before disconnecting and reconnecting 
PCB harness. 


WARNING 


There is battery voitage at the PCB at all 
times. Failure to disconnect battery cable 
will resuit in damage to equipment or injury 
to personnel. 


Repair wiring Kpara.4=80) or replace switch (para.-5-6). 


DC VOLTAGE 0-45 VOLTS 
STEACE-R TEST 89 


1. Connect RED clip to the indicated test 
point, BLACK clip to negative or ground. 


2. Start Test 89, DC volts. 


3. Displayed reading is in volts. 


TM 9-2320-387-24-1 


STARTER CIRCUIT 


VOLTAGE | 
MULTIMETER 


1. Set the voltmeter to a DC volts scaie of at least 
40 volts. 


2. Connect the RED lead to positive and the 
BLACK lead to negative. 


3. Be sure to read the correct scale. 


CONTINUITY (RESISTANCE) 
MULTIMETER 


1. Set the vottmeter to an ohms scale of about 
1,000 ohms. 


2. Connect the RED and BLACK leads to the 
connections stated in the question. 


3. Be sure to read the correct scale. Less than 5 
ohms indicates continuity. For an open circuit, 
the meter should peg full scale (needie ali the 

way to the left). 


RESISTANCE AND CONTINUITY 
0-4,500 OHMS 
STE/NCE-R TEST 91 


1. Connect RED clip and BLACK clip to the 
terminations indicated in the question. RED 
to the first, BLACK to the second. 


2. Start Test 91, 0-4,500 Ohms. 
3. Displayed reading is in ohms. Less than 5 


ohms is continuity. If the resistance is over 
4,500 ohms, STE/ICE-R displays .9.9.9.9. 


PCB BODY CONNECTOR 
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TM 9-2320-387-24-1 


STARTER CIRCUIT 


NEUTRAL SAFETY 
SWITCH OK 


POSSIBLE PROBLEMS 


ROTARY SWITCH 
PCB 
WIRING 


NEUTRAL SAFETY 
SWITCH OK 


POSSIBLE PROBLEMS 


ROTARY SWITCH: 
PCB 
WIRING 
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FROM G3, DIAGNOSTIC FLOWCHART 
Page 2-276 @ 


1. STE/ICE-R TEST 91 
(Page 2-508) 


DISCONNECT WIRE 29A FROM 
ROTARY SWITCH. IS THERE 
CONTINUITY FROM WIRE 29A AT 
ROTARY SWITCH TO SOCKET B 
OF PCB BODY CONNECTOR 
HARNESS ? 


2. MULTIMETER 


REASON FOR QUESTION 
If this wire doesn't carry battery 
voltage to the PCB, the PCB will 
not send battery voltage to the 
Starter solenoid. 


REPAIR 
WIRE 29A OR 29C 
OR REPLACE 
HARNESS. 


TEST OPTIONS 


1. STE/ICE-R TEST 89 
(Page 2-506) 


RECONNECT PCB BODY 
CONNECTOR HARNESS. 
DO YOU HAVE BATTERY VOLTAGE 
AT THE R TERMINAL OF THE 
ROTARY SWITCH WITH THE 
SWITCH IN RUN AND IN START? 


2. MULTIMETER 


REASON FOR QUESTION 

If there isn't battery voltage at 
the RUN terminal in both the 
RUN and START positions, the 
vehicle won't start. 


(No) REPLACE 
ROTARY SWITCH. 


GO TO G6, 
Page 2-280 


REFERENCE INFORMATION 


WARNING 


Disconnect negative battery 
cable before disconnecting and 
reconnecting PCB harness. 


WARNING 


There is battery voltage at the PCB 
at all times. Failure to disconnect 
battery cable will result in damage to 
equipment or injury to personnel. 


Check the wires and connections at both ends for 
broken wires or any kind of bad connection. 
Repair whatever you can. If the wires and 
connections seem ok, you have to replace the 
harness. 


Repair wiring or replace hamess[(para. 4-80). 


Replace rotary switch[[para. 4-10). 


DC VOLTAGE 0-45 VOLTS 
STE/ICE-R TEST 89 


1. Connect RED clip to the indicated test point, 
BLACK clip to negative or ground. 


2. Start Test 89, DC Volts. 


3. Displayed reading is in volts. 


VOLTAGE 
MULTIMETER 


1. Set the voltmeter to a DC volts scale of at least 
40 voits. 


2. Connect the RED lead to positive and the 
BLACK lead to negative. 


3. Be sure to read the correct scale. 


TM 9-2320-387-24-1 


STARTER CIRCUIT 


REAR OF ROTARY SWITCH 


RESISTANCE AND CONTINUITY 
0-4,500 OHMS 
STEACE-R TEST 91 


1. Connect RED clip and BLACK clip to the 
terminations indicated in the question. RED to 
the first, BLACK to the second. 


2. Start Test 91, 0-4,500 Ohms. 


3. Displayed reading is in ohms. Less than 5 
ohms is continuity. If the resistance is over 
4,500 ohms, STE/ICE-R displays .9.9.9.9. 


CONTINUITY (RESISTANCE) 
MULTIMETER 


1. Set the voltmeter to an ohms scale of about 
1,000 ohms. 


2. Connect the RED and BLACK leads to the 
connections stated in the question. 


3. Be sure to read the correct scale. Less than 5 

ohms indicates continuity. For an open circuit, 
the meter should peg full scale (needie all the 
way to the left). 
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STARTER CIRCUIT FROM GE DIAGNOSTIC FLOWCHART 
@ 


TEST OPTIONS 


POWER AVAILABLE 
TO PCB 


1. STEACE-R TEST 91 
(Page 2-508) 


DISCONNECT BATTERY NEGATIVE 
CABLE. RECONNECT NEUTRAL 


SAFETY SWITCH. DISCONNECT 2. MULTIMETER 
ENGINE CONNECTOR FROM PCB. 
IS THERE CONTINUITY FROM —_ 
ENGINE CONNECTOR HARNESS ede Sia uscMae 
PCB PIN | TO THE STARTER SOLENOID foe ane wiring is good and 
ING WIRE 74A? the problem is in the PCB. 
REPAIR 74A 
(no OR REPLACE 
HARNESS. 


KNOWN INFO 


WIRING OK 


POSSIBLE PROBLEMS 


REPLACE PCB. IF YOU STILL 


HAVE A PROBLEM, RERUN THE 
TEST CHAIN (Page 2-247). 
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REFERENCE INFORMATION 


WARNING 


Disconnect negative battery 
cable before disconnecting and 
reconnecting PCB harness. 


WARNING 


There is battery voltage at the 
PCB atall times. Failure to 
disconnect battery cable will 
result in damage to equipment 
or injury to personnel. 


Replace hamess or PCB[(para. 4-4). 


CONTINUITY (RESISTANCE) 
MULTIMETER 


TM 9-2320-387-24-1 


STARTER CIRCUIT 


RESISTANCE AND CONTINUITY 
0-4,500 OHMS 
STE/CE-R TEST 91 


1. Connect RED clip and BLACK clip to the 
terminais indicated in the question. 


2. Start Test 91, 0-4,500 Ohms. 


3. Displayed reading is in ohms. Less than 5 
ohms is continuity. If the resistance is over 
4,500 ohms, STE/ICE-R displays .9.9.9.9. 


1. Set the voltmeter to an ohms scale of about 
1,000 ohms. 


2. Connect the RED and BLACK leads to the 
connections stated in the question. 


3. Be sure to read the correct scale. Less than 
5 ohms indicates continuity. For an open 

circuit, the meter should peg full scale (needle 
all the way to the left). 
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STARTER CIRCUIT H DIAGNOSTIC FLOWCHART 
FROM 3, 


Page 2-250 @ 
Hi 


REMOVE GLOW PLUGS AND TRY 
TURNING ENGINE WITH A 
BREAKER BAR. DOES IT TURN? 


TEST OPTIONS 


CAN'T TURN ENGINE 
MANUALLY 


POSSIBLE PROBLEMS 


INTERNAL MECHANICAL 
PROBLEM 
HYDRAULIC LOCK 


REASON FOR QUESTION 
If the engine is hydrostatically 
locked, removing the 

glow plugs will allow the fuel to 
flow out of the locked cylinder 
and the engine should turn. 


NOTIFY DS 
(No) MAINTENANCE 
(CHAPTER 14). 


TEST OPTIONS 


HYDRAULIC LOCK 


DOES THE ENGINE TURN 
REMOVED 


SMOOTHLY AND WITHOUT ANY 
UNUSUAL NOISES? 


REASON FOR QUESTION 
Excessive noise and jerky 
rotation may indicate binding 
or broken intemal engine 
components. 


POSSIBLE PROBLEMS 


INTERNAL MECHANICAL 
PROBLEM 


NOTIFY DS 
MAINTENANCE 
(CHAPTER 14). 


ENGINE CAN ROTATE 


REINSTALL GLOW PLUGS AND 
SMOOTHLY 


RERUN STARTER SYSTEM 
TESTS (GO TO PAGE 2-247). 


IF ENGINE LOCKS AGAIN, 
NOTIFY DS MAINTENANCE 
(CHAPTER 14). 


POSSIBLE PROBLEMS 
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REFERENCE INFORMATION STARTER CIRCUIT 


WD) 


WARNING 


Disconnect wire 54A to prevent 
accidental starting. Failure to do 
so may result in serious injury 
or death to personnel. 
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STARTER CIRCUIT , DIAGNOSTIC FLOWCHART ~ 


FROM G1, 
Page 2-276 


TEST OPTIONS 


1. STE/ICE-R TEST 89 
(Page 2-506) 


NO VOLTAGE AVAILABLE | ff DISCONNECT WIRE 11A AT 
a laa ROTARY SWITCH. 1S THERE 
BATTERY VOLTAGE AT 


WIRE 11A ? 


POSSIBLE PROBLEMS REASON FOR QUESTION 


Power must be available to 
Bel SWiTeH rotary switch. 
(No) GO TO J, 
Page 2-286 


WIRING 

DISCONNECT WIRE 14A AT 
ROTARY SWITCH. WITH THE 
ROTARY SWITCH TURNED TO 
START, IS THERE CONTINUITY 
BETWEEN THE B STUD AND 
THE S STUD ? 


2. MULTIMETER 


TEST OPTIONS 


1 STE/CE-R TEST 91 
(Page 2-508) 


BATTERY VOLTAGE 
AVAILABLE TO ROTARY 
SWITCH 


2. MULTIMETER 


REASON FOR QUESTION 


Continuity here indicates 
rotary switch is OK. 


POSSIBLE PROBLEMS 


ROTARY SWITCH 
PCB 
WIRING 


REPLACE 
ROTARY SWITCH. 
RECONNECT 14A AT 
NEUTRAL SAFETY 
SWITCH. 


ROTARY SWITCH OK REPAIR WIRE 14A OR REPLACE 
HARNESS. 


POSSIBLE PROBLEMS 


WIRING 
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REFERENCE INFORMATION 


Replace rotary switch[(para. 4-10). 


Repair wiring or repiace 


harness[(para. 4-80). 


REAR OF ROTARY SWITCH 
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STARTER CIRCUIT 


VOLTAGE 
MULTIMETER 


1. Set the voltmeter to a DC volts scale of at 
least 40 volts. 


2. Connect the RED lead to positive and the 
BLACK lead to negative. 


3. Be sure to read the correct scale. 


CONTINUITY (RESISTANCE) 
MULTIMETER 


1. Set the voltmeter to an ohms scale of about 
1,000 ohms. 


2. Connect the RED and BLACK leads to the 
connections stated in the question. 


3. Be sure to read the correct scale. Less than 
5 ohms indicates continuity. For an open 
circuit, the meter should peg full scale 

(needle all the way to the left). 


DC VOLTAGE 0-45 VOLTS 
STE/MCE-R TEST 89 


1. Connect RED clip to the indicated test point, 
BLACK clip to negative or ground. 


2. Start Test 89, DC Volts. 


3. Displayed reading is in votts. 


RESISTANCE AND CONTINUITY 
0-4,500 OHMS 
STE/ICE-R TEST 91 


1. Connect RED clip and BLACK clip to the 
terminations indicated in the question. 
RED to the first, BLACK to the second. 


2. Start Test 91, 0-4,500 Ohms. 


3. Displayed reading is in ohms. Less than 5 
ohms is continuity. If the resistance is over 
4,500 ohms, STE/ICE-R displays .9.9.9.9. 
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STARTER CIRCUIT J , DIAGNOSTIC FLOWCHART 
FROM 11, 
Page 2-284 


TEST OPTIONS 


NO VOLTAGE AT ROTARY 
SWITCH 


1. STE/ICE-R TEST 91 
(Page 2-508) 


DISCONNECT BATTERY 
NEGATIVE CABLE. DISCONNECT 
BODY CONNECTOR FROM PCB. 
IS THERE CONTINUITY FROM 
SOCKET G OF BODY 
CONNECTOR HARNESS TO WIRE 
11A AT ROTARY SWITCH ? 


2. MULTIMETER 


POSSIBLE PROBLEMS 


PCB 
WIRING 


REASON FOR QUESTION 


If this wire is open, no power can 
get to the rotary switch. 


(No) REPAIR WIRE 11A 
OR REPLACE 


CYES ) @ HARNESS. 
TEST OPTIONS 


1. STE/ICE-R TEST 89 
(Page 2-506) 


NO VOLTAGE AT ROTARY 
SWITCH 


RECONNECT WIRE 11A AT ROTARY 
SWITCH. DISCONNECT ENGINE 
CONNECTOR OF PCB. RECONNECT 
BATTERY NEGATIVE CABLE. IS 
THERE BATTERY VOLTAGE AT 
SOCKET E OF CONNECTOR 
HARNESS? 


2. MULTIMETER 


WIRING TO ROTARY 
SWITCH OK 


REASON FOR QUESTION 
This wire provides power from 
the batteries directly to the PCB. 
if there is power here, then this 
wire is OK and the PCB must be 
bad. 


POSSIBLE PROBLEMS 


PCB 
WIRING 


REPAIR WIRE 81A 
OR REPLACE 
HARNESS. 


WIRING OK 


REPLACE PROTECTIVE CONTROL 


BOX. 


POSSIBLE PROBLEMS 
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REFERENCE INFORMATION 


WARNING 


Disconnect negative battery 
cable before disconnecting and 
reconnecting PCB harness. 


WARNING 
There is battery voltage at the PCB 
at all times. Failure to disconnect 
battery cabie will result in damage 
to equipment or injury to personnel. 


Replace hamess or repair wiring (para. 4-80). 
WARNING 


Disconnect negative battery 
cable before disconnecting and 
reconnecting PCB harness. 


WARNING 


There is battery voltage at the PCB 
at all times. Failure to disconnect 
battery cable will result in damage to 
equipment or injury to personnel. 


Replace harness or repair wiring (para. 4-80). 


REAR OF ROTARY SWITCH 


WARNING 


Disconnect negative battery 
cable before disconnecting and 
reconnecting PCB harness. 


WARNING 


There is battery voltage at the PCB 
at all times. Failure to disconnect 
battery cable will result in damage to 
equipment or injury to personnel. 


Replace PCB (refer to pafa. 4-4). 


TM 9-2320-387-24-1 
STARTER CIRCUIT 


VOLTAGE 
MULTIMETER 


+. Set the voltmeter to a DC volts scale of at 
least 40 volts. 


2. Connect the RED lead to positive and the 
BLACK lead to negative. 


3. Be sure to read the correct scale. 


CONTINUITY (RESISTANCE) 
MULTIMETER 


1. Set the voltmeter to an ohms scale of about 
1,000 ohms. 


2. Connect the RED and BLACK leads to the 
connections stated in the question. 


3. Be sure to read the correct scale. Less than 5 
ohms indicates continuity. For an open circuit, 
the meter should peg full scale (needle all the 

way to the left). 


DC VOLTAGE 0-45 VOLTS 
STEACE-R TEST 89 


1. Connect RED clip to the indicated test point, 
BLACK clip to negative or ground. 


2. Start Test 89, DC Volts. 


3. Displayed reading is in volts. 


RESISTANCE AND CONTINUITY 
0-4,500 OHMS 
STEACE-R TEST 91 


1. Connect REO clip and BLACK clip to the 
indicated terminals in the question. RED to 
the first, BLACK to the second. 


2. Start Test 91, 0-4,500 Ohms. 


3. Displayed reading is in ohms. Less than 5 
ohms is continuity. If the resistance is over 
4,500 ohms, STE/ICE-R displays .9.9.9.9. 
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2-37. GLOW PLUGS CIRCUIT TESTS 


These tests of the glow plugs circuit can be run any time you think there may be a 
problem with the glow plugs, or if you were sent here from another test. 


If you were sent from another test, be sure to mark where you came from so you will be 
able to return. 


If you are running this test because the engine is hard to start when cold, remember that 
there is also a cold-start advance circuit (part of the fuel system) which is not checked 
here. 


For any starting problem, we recommend running the STARTABILITY test chain just 
to be sure you don't miss anything. 


At the bottom of this page is a simplified block diagram which shows how the different 
parts of the glow plug circuit depend on each other and on other engine circuits. 


Refer to fold-out[page FP-17 and leave it open for reference while performing these 
tests. The fold-out diagram is arranged to allow you to follow the diagnostic logic and 
understand what you are testing, when, and why. 


BATTERY 


GLOW PLUG 
CONTROLLER 


GLOW PLUGS 
ALTERNATOR A.C. LEAD 


PROTECTIVE 
CONTROL 
BOX 


ALTERNATOR 


WAIT-TO-START 
INSTRUMENT POWER = LAMP 


GROUND 


GLOW PLUGS CIRCUIT SIMPLIFIED BLOCK DIAGRAM 


2-289 


TM 9-2320-387-24-1 


GLOW PLUGS CIRCUIT C staat > DIAGNOSTIC FLOWCHART 


BATTERY TESTS (Page 2-237) 


NOTHING 


TO RUN THE GLOW PLUG CIRCUIT 
TESTS, THE BATTERIES MUST BE 
IN A GOOD STATE OF CHARGE. 

IF YOU AREN'T SURE, RUN THE 
BATTERY CIRCUIT TESTS. IF 

YOU ARE HERE BECAUSE THE 
WAIT-TO-START LAMP DOESN'T 
WORK PROPERLY, SEE THE NOTE 
ON THE RIGHT-HAND PAGE. 


POSSIBLE PROBLEMS 


GLOW PLUGS 

GLOW PLUG 
CONTROLLER 

PCB 

CABLES 


REASON FOR QUESTION 


The glow plugs and their control 
circuits require battery power 


to work. 


TEST OPTIONS 
VISUAL 


cae pW 


CHECK ALL THE GLOW PLUG 
CIRCUIT CONNECTIONS (GLOW 
PLUGS, GLOW PLUG 
CONTROLLER, PROTECTIVE 
CONTROL BOX). ARE ALL THE 
CONNECTIONS CLEAN AND 
TIGHT? 


BATTERIES OK 


POSSIBLE PROBLEMS 


GLOW PLUGS 

GLOW PLUG 
CONTROLLER 

PCB 

CABLES 


REASON FOR QUESTION 
Loose or dirty connections 
can hinder current flow or 
cause mixups in the control 
signals. 


NECESSARY. 


TEST OPTIONS 


1. STE/ICE-R TEST 80 
(Page 2-505) 


BATTERIES OK 
CABLES/CONNECTIONS 
SEEM OK 


TURN THE ROTARY SWITCH TO 
RUN. DO THE GLOW PLUGS 

DRAW 75-125 AMPS? (SEE NOTE 
ON RIGHT-HAND PAGE). 


GO TOA, 
Page 2-294 


2. MULTIMETER 


POSSIBLE PROBLEMS 


GLOW PLUGS 

GLOW PLUG 
CONTROLLER 

PCB 

CABLES 


REASON FOR QUESTION 
If the current is OK, then the 
glow plugs and protective 

control box are OK. 


GO TO 4, 
Page 2-292 
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REFERENCE INFORMATION 


If the engine cranks ok (or starts), then the batteries are 
good enough for testing the giow plugs. If the engine 
starts, shut it off. 


You can use STE/ICE Test 10 to measure cranking speed. 


The engine shouid crank at least 100 rpm in cold weather 
and at least 180 rpm in warm weather. 


WARNING 


Disconnect negative battery 
cable before disconnecting and 
reconnecting PCB harness. 


WARNING 


There is battery voltage at the 
PCB atall times. Failure to 
disconnect battery cable will 
result in damage to equipment 
or injury to personnel. 


A NNECTIONS AR 
PR Mi 


MOST COMMON 


Sometimes just disconnecting, cleaning, and 
reconnecting will solve a problem. BE THOROUGH! 
The time you save may be your own. Refer to the 
functional flow schematic and check the following: 

1. BATTERY - make sure all connections are clean and 
tight, including the shunt and power stud. 

2. PROTECTIVE CONTROL BOX - remove BOTH 
connectors and look for bent or broken pins, pins 
pushed out of their socket, or dirt and corrosion in the 
connections. 

3. GLOW PLUG CONTROLLER - pop the controller 


connector off (squeeze the sides) and check the pins in 


both the controller and the connector. Look for bent, 


broken or pushed out pins, dirt, or corrosion. Check for 
broken wires at the connector. Take note that pin 2 of 


the glow plugs controller connector has no pin in it. 

4. GLOW PLUGS - check that all the glow plug wires are 
snug. Don't just look with your eyes. Many problems 
are solved by looking with your fingers to be sure a 
connection is snug. 


NORMAL GLOW PLUG OPERATION 


The glow plugs first come ON when the engine temperature 


is below 120 °F (49°C) and the rotary switch is turned to 


RUN. They stay ON for up to 9 seconds and then go OFF. 
They will stay OFF for about 7-15 seconds then come ON 


again for about 1 second. 


NOTE 


GLOW PLUG 
CONTROLLER 


GLOW PLUG 
CONTROLLER HARNESS 
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GLOW PLUGS CIRCUIT 


NOTE 


The WAIT-TO-START lamp is NOT 
diagnosed in this section. If the lamp 

does not work properly, the glow plug 
circuit may be affecting its operation. 

Run these tests to check out the glow 
plug circuit. If the lamp stili does not work 
properly, go to the INSTRUMENT section 
for a full diagnosis of the lamp's problem. 


BATTERY CURRENT 
MULTIMETER 


1. Set the voltmeter to a DC voits scale of about 
1 volt. 


2. Connect the BLACK lead to the battery side of 
the current shunt and the RED lead to the 
other end of the current shunt. 


3. Current shunt voltage is proportional to battery 
current, 100 millivolts = 1,000 amps. To get 
current, multiply millivolts x 10. 


BATTERY CURRENT 
STEACE-R TEST 80 


1. Start Test 80, Battery Current. 


2. Displayed reading is in amps. The reading will 
be greater then 30 amps, depending on how 
many accessories you have on. 


To check for glow plug current draw, start STEACE-R Test 80, Battery Current. Turn off all 
accessories (lights, heater, wipers, etc.). STEACE-R should immediately measure at least 
74 amps. Take note, however, that if ail your glow plugs are working, the current draw 
should be close to or more than 100 amps, especially if it's cold. If it's near freezing and 
the glow plugs only draw 75-80 amps, you probably have a few bad glow plugs. 
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GLOW PLUGS CIRCUIT FROM 3, DIAGNOSTIC FLOWCHART 
Page 2-290 


TEST OPTIONS 


1. STE/ICE-R TEST 80 
(Page 2-505) 


BATTERIES OK 
PCB OK 
GLOW PLUGS OK 


DO THE GLOW PLUGS CYCLE 
PROPERLY? (SEE THE NORMAL 
GLOW PLUG OPERATION 
DESCRIPTION ON THE RIGHT 
HAND PAGE.) 


(no) GO TOB, 
Page 2-296 


NO GLOW PLUGS FAULT FOUND. 


2. MULTIMETER 


POSSIBLE PROBLEMS 


GLOW PLUG 
CONTROLLER 
CABLES 


REASON FOR QUESTION 
\f the glow plugs cycle, the glow 
plug controller is working. Since 
current draw is OK, the only thing 
left to check is the cycling. 


ri€ 
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REFERENCE INFORMATION 


NORMAL GLOW PLUG OPERATION 

The glow plugs first come ON when the engine 
temperature is below 120 °F (49 °C) and the rotary switch 
is turned to RUN. They stay ON for up to 9 seconds and 
then go OFF. They will stay OFF for about 7-15 seconds 
then come ON again for about 1 second, then go OFF 
again. !f you don't start the engine, the glow plugs should 
keep cycling like this, due to the glow plug cycle timer in 
the glow plugs controller. If you start the engine, they will 
cycle until the engine is warm, due to the afterglow cycle 
timer in the glow plug controller. When the engine gets up 
to 120°F (49°C), the glow plugs should stop cycling 
completely. 


NGI NN! 
ROTARY SWITCH IN RUN, 


If the glow plugs are cycling properly, you should hear a 
click from the PCB when the glow plugs tum on and when 
they tum off. This is the glow plug cycle timer, a thermal 
circuit breaker. A good way to check for cycling is 
STE/ICE-R test 80, Battery Current. When the glow plugs 
tum on, STEACE-R will measure 74-125 amps. When the 
glow plugs turn off, the STE/ICE-R will measure 3-8 amps. 


NGIN Ni 
ROTARY SWITCH IN RUN 


If the glow plugs are cycling properly, you can hear a click 
from the PCB when the glow plugs turn on and when they 
turn off (you may have to duck your head under the dash). 
This is the afterglow cycle timer, a thermal circuit breaker. 
A good way to check for cycling is STE/ICE-R test 80, 
Battery Current. When the glow plugs turn on, STEACE-R 
will measure 74-125 amps. When the glow piugs tum off, 
STE/ICE-R will measure 3-8 amps. As the engine gets 
wamner, the glow plugs tum on less frequently and for 
less time. 


NOTE 


If you don't have a STEAICE-R or a multimeter for measuring 
current, you can watch the vehicle volts gauge for indication 


of glow plug operation. The glow plugs draw so much current 
that the volts gauge should jump about half-an-inch to the teft 


when the glow plugs come on. Before starting the engine, 
you should hear the glow plug power relay click open and 


closed as the glow plugs cycle. (You can hear the relay after 


the engine has started by leaning your head under the dash 
near the PCB.) This method won't tell you if all the glow 
plugs are working property, but it at least shows that the 
glow plugs are trying to work and that the glow plug power 
relay is working. 
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GLOW PLUGS CIRCUIT 


EXPECTED GLOW PLUG CURRENT 


ROTARY SWITCH IN RUN POSITION: 


GLOW PLUGS ON: 74 - 125 AMPS 74 is only for 
weak batteries. You should get at least 100 amps 


when glow plugs are working properly. 


GLOW PLUGS OFF: AT or NEAR ZERO With the 
rotary switch in the RUN position, other parts of 
the vehicle are drawing current. You might 
measure up to 8 amps. 


BATTERY CURRENT 
STE/ICE-R TEST 80 


1. Start Test 80, Battery Current. 


2. Displayed reading is in amps. The reading will 
be greater then 30 amps, depending on how 
many accessories you have on. 


BATTERY CURRENT 
MULTIMETER 


1. Set the voltmeter to a DC volts scale of about 1 
volt. 


2. Connect the BLACK lead to the battery side of 
the current shunt and the RED lead to the 
other end of the current shunt. 


3. Current shunt voltage is proportional to battery 
current, 100 millivolts = 1,000 amps. To get 
current, multiply millivolts x 10. 
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GLOW PLUGS CIRCUIT Ba P DIAGNOSTIC FLOWCHART 


Page 2-290 


TEST OPTIONS 


1. STE/ICE-R TEST 80 
(Page 2-505) 


GLOW PLUGS DO NOT 
DRAW ENOUGH 
CURRENT 


TURN THE ROTARY SWITCH TO 
RUN. DO THE GLOW PLUGS 
DRAW AT LEAST 15 AMPS? 


2. MULTIMETER 


REASON FOR QUESTION 
A working glow plug draws 12-15 
amps. If at least one glow plug is 
working, the PCB is OK. 


POSSIBLE PROBLEMS 


GLOW PLUGS 
GLOW PLUG 
CONTROLLER 


CABLES © GO TOC, 
Page 2-298 


DO THE GLOW PLUGS CYCLE 
PROPERLY? 


TEST OPTIONS 


1. STEACE-R TEST 80 
(Page 2-505) 


GLOW PLUGS DRAW SOME 
BUT NOT ENOUGH 
CURRENT 

PCB OK 


POSSIBLE PROBLEMS 


GLOW PLUGS 
GLOW PLUG 


CONTROLLER 
CABLES (NO) GO TOB, 
, Page 2-296 


GLOW PLUGS DRAW SOME 
BUT NOT ENOUGH 
CURRENT 

PCB OK 

GLOW PLUG 
CONTROLLER OK 


2. MULTIMETER 


REASON FOR QUESTION 


If the glow plugs cycle properly, 
the glow plug controller is OK. 


TEST OPTIONS 


SEE THE PROCEDURE ON THE 
RIGHT-HAND PAGE AND USE: 
1. STE/ICE-R TEST 91 

(Page 2-508) 


CHECK THE GLOW PLUGS AND 
WIRES USING THE PROCEDURE 
ON THE RIGHT-HAND PAGE. 
REPAIR OR REPLACE PARTS AS 
REQUIRED. RERUN THE MAIN 
TEST CHAIN. 


2. MULTIMETER 


POSSIBLE PROBLEMS 


REASON FOR QUESTION 
Since the glow plugs draw some 
current and cycle properly, the 
only reason they wouldn't draw 
enough current is that the glow 
plugs themselves are bad or the 
wires are no good. 


GLOW PLUGS 
CABLES 
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REFERENCE INFORMATION 


Dead glow plugs draw virtually no current, 
but other parts of the vehicle are drawing 
some current-up to 8 amps. If any glow 
plugs are drawing any current, then the 
PCB is probably OK. 


For a good description of how giow plugs cycle 
and how to check for proper cycling, refer to 
[Page <-294. 


WARNING 


Disconnect negative battery cable 
before disconnecting and reconnecting 
PCB harness. 


WARNING 


There is battery voitage at the PCB at 
all times. Failure to disconnect battery 
cable will result in damage to 
equipment or injury to personnel. 


If most or all of the glow plugs are bad, you 
may also have a problem with the PCB or the 
glow plug controller which caused them to go 
bad (usually they bum out from being on too 
long or not tuming off at all). After replacing 
the bad glow plugs, rerun the glow plugs test 
chain paying special attention to the glow plugs 
cycling, especially that they turn OFF when 
they should. 


Replace glow plugs, wires, or hamess((pafa. 3-39). 


BATTERY CURRENT 
STEACE-R TEST 80 


BATTERY CURRENT 
MULTIMETER 
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GLOW PLUGS CIRCUIT 


1. Start Test 80, Battery Current. 


2. Displayed reading is in amps. The reading will be 
greater then 30 amps, depending on how many 
accessories you have on. 


1. Set the voltmeter to a DC volts scale of about 1 volt. 


2. Connect the BLACK lead to the battery side of the 
current shunt and the REO lead to the other end of 
the current shunt. 


3. Current shunt voltage is proportional to battery 
current, 100 millivolts = 1,000 amps. To get current, 
multiply millivolts x 10. 


HECKIN W_P THEIR WIR 
. Disconnect ALL the glow plugs. 


. Disconnect the negative battery cable. Disconnect the PCB 


connector hamess from the PCB. Reconnect the negative 
battery cable. Measure the resistance between pin D in the 
engine connector hamess of the PCB and ground. There 
should NOT be continuity (resistance reading off the scaie). 
If there is continuity, repair or replace the harness. 


Repeat the following for each glow plug: 


a. Reconnect the wiring hammess to the glow plug while you 
repeat the resistance measurement described in step 2. 
When you reconnect the wire to the glow plug, the 
resistance should drop to between 1 and 2 ohms (glow 
plugs are typically 1.6 ohms). 


b. If step A passed: 
disconnect the glowplug again, making sure the resistance 
goes off scale again. Repeat step A for the next glow 
plug. 


c. If step A failed: 
then either the glow plug or its wire is no good. Take the 
wire off the glow plug again and measure the resistance 
from the glow plug to the engine block. If the resistance is 
1-2 ohms, then the cable is no good. Otherwise replace 
the glow plug and check the cable for continuity, just to be 
sure. 


4. Reconnect the PCB and all wires. 
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B 
FROM 4, 
Page 2-292 or 
A2, Page 2-294 


GLOW PLUGS CIRCUIT DIAGNOSTIC FLOWCHART 


TEST OPTIONS 


1. STE/AICE-R TEST 80 
(Page 2-505) 


GLOW PLUG CURRENT OK 


TURN ROTARY SWITCH TO STOP. 
NOT CYCLING PROPERLY 


DISCONNECT GLOW 

PLUG CONTROLLER. TURN 
ROTARY SWITCH TO RUN. DO 
GLOW PLUGS STILL DRAW 
CURRENT? 


2. MULTIMETER 


POSSIBLE PROBLEMS 


PCB 


REASON FOR QUESTION 


If the giow plug controller is 
shorted, the glow plug power relay 
in the PCB will always be closed. 


(No) GOTOE, 
Page 2-302 
| B2 | 


MEASURE VOLTAGE AT SOCKET 
6 OF GLOW PLUG CONTROLLER 
CONNECTOR HARNESS. IS 
THERE BATTERY VOLTAGE AT 
THIS SOCKET? 


ED 
<> 
i © 


SHORT IN ENGINE CONNECTOR 
HARNESS. REPAIR OR REPLACE 
HARNESS. 


KNOWN INFO 


GLOW PLUG CURRENT OK 

GLOW PLUGS NOT 
CYCLING 

GLOW PLUGS DRAW 
CURRENT WITH 
CONTROLLER 
DISCONNECTED 


POSSIBLE PROBLEMS 


WIRING SHORT 
PCB (GLOW PLUG POWER 
RELAY) 


TEST OPTIONS 


1. STEACE-R TEST 89 
(Page 2-506) 


2. MULTIMETER 


REASON FOR QUESTION 
If there is a short in the 
hamess, this wire will have 
battery voltage. 
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REFERENCE INFORMATION GLOW PLUGS CIRCUIT 


GLOW PLUG 
Refer to the functional flow schematic. If the glow 


plug controller is shorted (continuity from pin 6 to 
pin 3), the glow plug power relay will always be 
energized and the giow plugs will always be 
drawing current. 


; BATTERY CURRENT 
STE/CE-R TEST 80 


1. Start Test 80, Battery Current. 


2. Displayed reading is in amps. The reading 
will be greater then 30 amps, depending on 
how many accessories you have on. 


Since the glow plugs draw 
current without the glow 
plug controller connected, 
there must be a short in 
the hamess or a stuck 
relay in the PCB. if there 
were a short in the 
hamess directly to the 
glow plugs, the glow plugs 
would have burned out 
long ago and you wouldn't 
be here. The only other 
short in the hamess that 
would make the glow 
piugs turn on without the 
glow plug controller 
installed would show, 

up as battery voltage at 
pin 6 of the controller's 
connector. 


Replace PC&((para. 4-4). 


Check the end of the harness at the PCB, glow plugs, 
etc., for shorts. Repair whatever you can. If you don't 
see anything wrong, the short must be in the main 
body of the harness, which means that you have to 
replace the hamess. 


WARNING 


Disconnect negative battery cable 
before disconnecting and reconnecting 
PCB harness. 


WARNING 


There is battery voltage at the PCB at all 
times. Failure to disconnect battery cable 
will result in damage to equipment or 
injury to personnel. 


Repair or replace wiring[{para. 4-80). 


GLOW PLUG 
CONTROLLER HARNESS 


GLOW PLUG CONTROLLER 
HARNESS SCHEMATIC 


CONTROLLER tin 


1. Set the voltmeter to a DC volts scale of about 1 
volt. 


2. Connect the BLACK lead to the battery side of 
the current shunt and the RED lead to the other 
end of the current shunt. 


3. Current shunt voltage is proportional to battery 
current, 100 millivoits = 1,000 amps. To get 
current, multiply millivolts x 10. 


DC VOLTAGE 0-45 VOLTS 
STE/ACE-R TEST 89 


1. Connect RED clip to the indicated test point, 
BLACK clip to negative or ground. 


2. Start Test 89, DC Volts. 


3. Displayed reading is in volts. 


VOLTAGE 
MULTIMETER 


1. Set the voltmeter to a DC volts scale of at least 
40 volts. 


2. Connect the RED !tead to positive and the 
BLACK lead to negative. 


3. Be sure to read the correct scale. 
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GLOW PLUGS CIRCUIT a Pe DIAGNOSTIC FLOWCHART 


Page 2-294 


TEST OPTIONS 


GLOW PLUGS DON'T 
DRAW ANY CURRENT 


TURN ROTARY SWITCH TO STOP. 
IS THERE LESS THAN 0.5 VOLT 
AT GLOW PLUG WIRES? 


1. STEACE-R TEST 89 
(Page 2-506) 


2. MULTIMETER 


POSSIBLE PROBLEMS 


GLOW PLUG 
CONTROLLER 
WIRING (OPEN CIRCUIT) 


oe GLOWPLUGS (XO) SHORT IN 
HARNESS. 


NO SHORTS 
GLOW PLUGS DRAW 
ZERO AMPS 


REASON FOR QUESTION 


There should not be voltage at 
glow plugs with switch off. 


TEST OPTIONS 


1. STE/ICE-R TEST 89 
(Page 2-506) 


TURN THE ROTARY SWITCH TO 
RUN. IS THERE LESS THAN 

0.5 VOLT AT THE GLOW PLUG 
WIRES? 


2. MULTIMETER 


POSSIBLE PROBLEMS 


GLOW PLUG 
CONTROLLER 
BAD GLOW PLUGS 


PCB (No) REPLACE 
GLOW PLUGS. 


REASON FOR QUESTION 
To see if power is getting 
to glow plugs. 


TEST OPTIONS 


NO SHORTS 
GLOW PLUGS DRAW 


io COHEN MAKE SURE GLOW PLUG weap eae 
NO VOLTAGE AT CONTROLLER IS CONNECTED. IS 2. MULTIMETER 
GLOW PLUGS THERE CONTINUITY FROM 


TURN ROTARY SWITCH TO STOP. 1. STE/ICE-R TEST 91 


SOCKET A TO SOCKET B OF PCB 
ENGINE CONNECTOR HARNESS ? 


POSSIBLE PROBLEMS 


OPEN IN PCB 

OPEN IN GLOW PLUG 
CONTROLLER 

OPEN IN WIRING (No) 


REASON FOR QUESTION 
Continuity indicates the harness 
and controller are ok. 
Noncontinuity indicates an open in 
the hamess or controller. 

GO TOD, 
Page 2-300 


im 

Ug 

Bb @) 
OQ 
m 
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REFERENCE INFORMATION GLOW PLUGS CIRCUIT 


Replace hamess. Notify DS maintenance (chapter 18). oe bain : — alle 


1. Connect RED clip to the indicated test point, 
BLACK clip to negative or ground. 


2. Start Test 89, DC Volts. 


‘3. Displayed reading is in volts. 


VOLTAGE 
MULTIMETER 


1. Set the voltmeter to a DC volts scale of at least 
40 volts. 


. Connect the RED jead to positive and the 
BLACK lead to negative. 


Replace glow plugs((pala. 3-39). . Be sure to read the correct scale. 
RESISTANCE AND CONTINUITY 
0-4,500 OHMS 
STE/CE-R TEST 91 
. Connect RED clip and BLACK clip to the 
ene indicated test points in the question. RED to 
WARNING the first, BLACK to the second. 
Disconnect negative battery cable 
before disconnecting and . Start Test 91 , 0-4,500 Ohms. 


reconnecting PCB harness. 


. Displayed reading is in ohms. Less than 5 ohms 
—————— is continuity. If the resistance is over 4,500 
WARNING ohms, STE/ICE-R displays .9.9.9.9. 


There is battery voltage at the PCB at 
all times. Failure to disconnect battery 
cable will result in damage to 
equipment or injury to personnel. 


Replace PCB 


CONTINUITY (RESISTANCE) 
MULTIMETER 


1. Set the voltmeter to an ohms scale of about 
1,000 ohms. 


2. Connect the RED and BLACK leads to the 
connections stated in the question. 


3. Be sure to read the correct scale. Less than 
5 ohms indicates continuity. For an open 
circuit, the meter should peg full scale 


ENGINE CONNECTOR (needie all the way to the left). 


WITH PINS A&B 
HIGHLIGHTED 
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D 
FROM C3, 
Page 2-298; 17, Page 2-224; 
24, Page 2-228; 26, Page 2-230 


GLOW PLUGS CIRCUIT DIAGNOSTIC FLOWCHART 


TEST OPTIONS 


1. STE/ICE-R TEST 91 
(Page 2-508) 


OPEN CIRCUIT IN GLOW D1 
PLUG CONTROLLER OR 
WIRING 


IS THERE CONTINUITY BETWEEN 
PCB ENGINE CONNECTOR 
HARNESS SOCKET B AND GLOW 
PLUG CONTROLLER HARNESS 
CONNECTOR SOCKET 37 


2. MULTIMETER 


POSSIBLE PROBLEMS 


WIRING 
GLOW PLUG 


CONTROLLER 
(No) REPAIR/REPLACE 
WIRE 4598. 


IS THERE CONTINUITY BETWEEN 
PCB ENGINE CONNECTOR HARNESS 
SOCKET A AND GLOW PLUG 

CONTROLLER HARNESS 
CONNECTOR SOCKET 6? 


REASON FOR QUESTION 
This checks the return wire from 
the glow plug controller to the 
Protective Controi Box. 


TEST OPTIONS 


1. STEACE-R TEST 91 
(Page 2-508) 


OPEN CIRCUIT IN GLOW 
PLUG CONTROLLER 
OR WIRING 


2. MULTIMETER 


POSSIBLE PROBLEMS 


WIRING 
GLOW PLUG 
CONTROLLER 


REASON FOR QUESTION 
This checks the main power 

wire frorn the PCB to the glow 
plug controller. 


REPLACE 
(No) WIRE 543 AND/OR 
S69B. 


BIG 


TEST OPTIONS 


REPLACE GLOW PLUG 
CONTROLLER. DOES THE ENGINE 
START EASILY WHEN COLD? 


REASON FOR QUESTIONS 


You verified that the wiring is OK 
so the controller must be bad. 


(No) GO TOC, 
E Page 2-114 
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REFERENCE INFORMATION 


WARNING 


Disconnect negative battery cable . 


before disconnecting and 
reconnecting PCB harness. 


WARNING 
There is battery voltage at the PCB 
at all times. Failure to disconnect 
battery cable will result in damage 


to equipment or injury to personnel. 


Repair/replace wiring (para. 4-80). 


GLOW PLUG CONTROLLER 
HARNESS WITH SOCKETS 3 
AND 6 HIGHLIGHTED 


Repair/replace wiring (para. 4-80). 


Replace glow piug controller(para_4=33). 


GLOW PLUG CONTROLLER 


TM 9-2320-387-24-1 


GLOW PLUGS CIRCUIT 


ENGINE CONNECTOR HARNESS 
WITH SOCKETS A AND B 
HIGHLIGHTED 


RESISTANCE AND CONTINUITY 
0-4,500 OHMS 
STE/ICE-R TEST 91 


1. Connect RED clip and BLACK clip to the 
indicated test points in the question. 
RED to the first, BLACK to the second. 


2. Start Test 91, 0-4,500 Ohms. 


3. Displayed reading is in ohms. Less than 5 ohms 
iS continuity. If the resistance is over 4,500 
ohms, STE/ICE-R displays .9.9.9.9. 


CONTINUITY (RESISTANCE) 
MULTIMETER 


1. Set the voltmeter to an ohms scale of about 
1,000 ohms. 


2. Connect the RED and BLACK leads to the 
connections stated in the question. 


3. Be sure to read the correct scale. Less than 
5 ohms indicates continuity. For an open 
Circuit, the meter should peg full scale 

(needle all the way to the left). 
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GLOW PLUGS CIRCUIT 


GLOW PLUG CURRENT 
OK 

PCB OK 

GLOW PLUGS NOT 
CYCLING : 


POSSIBLE PROBLEMS 


WIRING 
GLOW PLUG 
CONTROLLER 


KNOWN INFO 


GLOW PLUG CURRENT O 
PCB OK 

GLOW PLUGS NOT 
CYCLING 


POSSIBLE PROBLEMS 


WIRING 
GLOW PLUG 
CONTROLLER 


E DIAGNOSTIC FLOWCHART 


FROM B1, 
Page 2-296 


TEST OPTIONS 


1. STE/ICE-R TEST 91 
(Page 2-508) 


DISCONNECT BATTERY NEGATIVE 
CABLE. DISCONNECT PCB ENGINE 
CONNECTOR. IS THERE CONTINU- 
ITY FROM ENGINE CONNECTOR 
HARNESS SOCKET C TO GLOW 
PLUG CONTROLLER HARNESS 


SOCKET 4? 
REPAIR WIRE 570A OR 
REPLACE HARNESS. 


RECONNECT PCB ENGINE 
CONNECTOR. IS THERE 
CONTINUITY FROM GLOW PLUG 
CONTROLLER HARNESS SOCKET 5 
TO ENGINE GROUND? 


REPAIR WIRE 93A OR 
REPLACE HARNESS. 


2. MULTIMETER 


REASON FOR QUESTION 


Wire 570A controls 
glow plug cycling. 


TEST OPTIONS 


1. STE/ICE-R TEST 91 
(Page 2-508) 


2. MULTIMETER 


REASON FOR QUESTIONS 
The controlier can't work 
properly without a proper 
ground. 


© 
Ges) 


REPLACE 
CONTROLLER. 
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REFERENCE INFORMATION 


WARNING 


Disconnect negative battery cable 
. before disconnecting and 


reconnecting PCB harness. 


WARNING 


There is battery voltage at the PCB at 
ali times. Failure to disconnect battery 
cable will result in damage to 


equipment or injury to personnel. 


Repair wiring or replace harness 


Repair wiring or replace harness|(para. 4-80). 


Replace glow plug controller(para. 4-33). 


TM 9-2320-387-24-1 


GLOW PLUGS CIRCUIT 


RESISTANCE AND CONTINUITY 
0-4,500 OHMS 
STEACE-R TEST 91 


1. Connect RED clip and BLACK clip to the 
indicated test points in the question. 
RED to the first, BLACK to the second. 


2. Start Test 91, 0-4,500 Ohms. 


3. Displayed reading is in ohms. Less than 5 ohms 
is continuity. If the resistance is over 4,500 
ohms, STE/ICE-R displays .9.9.9.9. 


CONTINUITY (RESISTANCE) 
MULTIMETER 
1. Set the voltmeter to an ohms scale of about 
1,000 ohms. 


2. Connect the RED and BLACK leads to the 
connections stated in the question. 


3. Be sure to read the correct scale. Less than 5 
ohms indicates continuity. For an open circuit, 


the meter should peg full scale (needle ail the 
way to the left). 
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2-38. INSTRUMENTS TESTS 


These instrument tests can be run any time you think there is a problem with the instruments or 
if you were sent here from another test. 


If you get an unusual gauge reading, it is a good idea to check out the system that the gauge 
monitors to be sure that it is a gauge problem and not a real problem in the engine or electrical 
system. 


Refer to fold-out[page FP-19 and leave fold-out open for reference during testing. Diagrams of 
the individual gauge circuits will be found on the page that deals with that circuit. 
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INSTRUMENTS CIRCUIT C start > DIAGNOSTIC FLOWCHART 


WITH THE ROTARY SWITCH IN 
THE ENGINE STOP POSITION, 
ARE ALL THE GAUGES IN THE 
OFF POSITION AND WARNING 
LAMPS OFF? 


TEST OPTIONS 
VISUAL 


ONE OR MORE 
GAUGES AND 
WARNING LAMPS 
DON'T WORK 


POSSIBLE PROBLEMS 


MASTER POWER 
INSTRUMENTS 
WIRING 


SENDING UNITS 
(NO) GOTO A, 
Page 2-314 


REASON FOR QUESTION 


If any of the gauges or lamps are 
functioning, then the electrical 

system is partially powered in the 
OFF position. 


TEST OPTIONS 


pe ipesleem eat TURN THE ROTARY SWITCH OFF. VISUAL 
BOTARVEWROCIN DISCONNECT THE GLOW PLUG 
THE OFF POSITION CONTROLLER. WITH THE 
ROTARY SWITCH IN THE RUN 
POSITION, DO ANY OF THE 
GAUGES AND WARNING LAMPS _HeAeON F oniQUEStiON 
any of the devices work, the 
MASTER POWER FUNCTION? master power circuit works. 
INSTRUMENTS 
WIRING 
SENDING UNITS . 
GO TO B, 
(No) Page 2-316 


TEST OPTIONS 
VISUAL 


POWER AVAILABLE © 
TO GAUGES AND 
WARNING LAMPS 


TURN THE ROTARY SWITCH OFF. 
RECONNECT THE GLOW PLUG 
CONTROLLER. TURN THE ROTARY 
SWITCH ON. DOES THE WAIT-TO- 
START LAMP COME ON AT ANY 
TIME? (ENGINE TEMPERATURE 
MUST BE BELOW 120 °F (49°C)). 


ee GO TOC, 
Page 2-318 
Ces) 


REASON FOR QUESTION 
If the wait-to-start light comes on 
at any time, the circuit is being 

powered. 


POSSIBLE PROBLEMS 


INSTRUMENTS 
WIRING 
SENDING UNITS 


GO TO 4, 
2-306 Page 2-308 


REFERENCE INFORMATION 


None of the following instruments and 
accessories should work when the rotary 
switch is in the STOP position: 


Voltmeter 

Wait-to-start lamp 
Temperature gauge 

Oil pressure gauge 

Fuel gauge 

Windshield wiper/washer 
Brake warming lamp 


It any of the instruments and accessories 
work when the rotary switch is in the RUN 
position, power is available and the circuit 
breaker is OK. 


The wait-to-start lamp is not an accurate 
indication of glow plug operation. Make sure 
the giow plugs are operating property 
BEFORE you check out the light. Go to the 
glow plugs circuit tests, Retum 
here if the light still doesn't operate property. 


The wait-to-start lamp should come on when 
the engine is below 120°F (49°C) and the 
rotary switch is first tumed to the RUN 
position. 


TM 9-2320-387-24-1 


INSTRUMENTS CIRCUIT 
BRAKE WARNING 
LAMP ENGINE 
: Ol COOLANT 
a iad PRESSURE TEMPERATURE 


HIGH-BEAM 
LAMP 


ees 
PULL 
FOR 

FUEL VOLTS HEAT 
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INSTRUMENTS CIRCUIT 


WAIT-TO-START 
LAMP OK 


POSSIBLE PROBLEMS 


INSTRUMENTS 
WIRING 
SENDING UNITS 


BRAKE LAMP OK 


POSSIBLE PROBLEMS 


INSTRUMENTS 
WIRING 
SENDING UNITS 


VOLTMETER OK 


POSSISLE PROBLEMS 


INSTRUMENTS 
WIRING 
SENDING UNITS 


2-308 


DIAGNOSTIC FLOWCHART 


FROM 3, 
Page 2-306 


DOES THE BRAKE WARNING 
LAMP OPERATE PROPERLY? 


TEST OPTIONS 


REASON FOR QUESTION 
lf the brake waming lamp comes 
on at any time, then the circuit is 
being powered. 


(No) SEE NOTE 
AT RIGHT. 


Qs) 
iio 


TEST OPTIONS 


VISUAL 


DOES THE VOLTMETER WORK? 


REASON FOR QUESTION 
If the voltmeter works then the 
power to the instruments is OK. 


: W 
Page 2-332 
6 


TURN ROTARY SWITCH TO OFF 
POSITON. DISCONNECT THE 
GLOW PLUG CONTROLLER. WITH 
THE ROTARY SWITCH IN THE RUN 
POSITION, DOES THE 
WINDSHIELD WIPER WORK? 
TURN ROTARY SWITCH TO OFF 
POSITION. RECONNECT THE 
GLOW PLUG CONTROLLER. 


(No) GO TOF, 
Cres) Page 2-334 


TEST OPTIONS 
VISUAL 


REASON FOR QUESTION 


If the windshield wiper works, 
then the power to the wiper is 
OK. 


GO TO7, 
Page 2-310 
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REFERENCE INFORMATION INSTRUMENTS CIRCUIT 


The brake warning lamp should come on 


when the engine is cranking, the parking 

brake is set, or there is a failure in the @) (Ap) 
brake system. If brake waming lamp stays 

on, go to 1[ page 2-328. If the waming lamp 


does not come on, go to DL page 2-324. 


BRAKE WARNING LAMP 


The voltmeter may be checked by running 
STE/ICE-R Test 67 with the engine running. 
The position in the center of the green area 
of the volt gauge marked GEN is approx- 
imately 28 volts. 


The voltmeter is a galvanometer-type 
gauge. It is conceivable that the coil in the 
gauge may have a broken wire that only 
opens when the gauge is heated up. if you 
are having an intermittent gauge problem, 
leave the vehicle running for a while and 
watch the gauge. 


tf the charging system is ok, but the gauge 
is reading full scale one way or the other, 
you may have this type of problem. VOLTMETER 


Rotary switch has to be in the RUN position 
for the windshield wiper or washer to operate. 
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INSTRUMENTS CIRCUIT a. DIAGNOSTIC FLOWCHART 


TEST OPTIONS 


WINDSHIELD WIPERS 
OK 


WITH THE IGNITION SWITCH IN 
THE RUN POSITION, DOES THE 
FUEL GAUGE WORK PROPERLY ? 


REASON FOR QUESTION ~ 


If the fuel gauge works, the 
power to the gauge is OK. 


POSSIBLE PROBLEMS 


FUEL GAUGE 
OIL PRESSURE GAUGE 
TEMPERATURE GAUGE 


WIRING 
GO TO G, 
SENDING UNITS (NO) Page 2-338 


FUEL GAUGE OK 


TEST OPTIONS 


DOES THE ENGINE OIL 
PRESSURE GAUGE WORK WITH 
THE ENGINE RUNNING? 


REASON FOR QUESTION | 
If the oil pressure gauge works, 
then the power to the gauge is 


POSSIBLE PROBLEMS 


FUEL GAUGE 
OIL PRESSURE GAUGE 


TEMPERATURE GAUGE 
WIRING (No) GOTOH, 
SENDING UNITS Page 2-342 


TEST OPTIONS 


Oil. PRESSURE 


DOES THE ENGINE 
GAUGE OK 


TEMPERATURE GAUGE WORK 
WITH THE ENGINE WARM? 


REASON FOR QUESTION 
If the temperature gauge works, 
the power to the gauge is OK. 


POSSIBLE PROBLEMS 


TEMPERATURE GAUGE 
WIRING 


SENDING UNITS (No) GO TOI 
Cres) Page 2-346 
GO TO 10, 
Page 2-312 
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REFERENCE INFORMATION INSTRUMENTS CIRCUIT 


These gauges are galvanometer-type gauges. 
It is conceivable that the coil in the gauge may 
have a broken wire that only opens when the 
gauge is warmed up. If you are having an 
intermittent gauge problem, leave the vehicle 
running for a while and watch the gauge. If the 
system the gauge monitors is OK, but the 
gauge is reading full scale one way or the other, 
then you may have this type of problem. 


Fill the fuel tank, if necessary, to obtain a 
reading greater than empty. 


FUEL GAUGE 


With the engine running, the oil pressure 
should be approximately 10 psi (69 kPa) at idle, 
40-45 psi (276-310 kPa) at 2,000 rpm, and it 
should be 0 when stopped. 


Make sure shift lever is in neutral before running 
this test. 


OIL PRESSURE 
GAUGE 


With the engine cold, the gauge shouid read off 
scale to the left and, when warm, the reading 
should be 190°- 230°F (88° - 110°C). 


TEMPERATURE 
GAUGE 
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INSTRUMENTS CIRCUIT FROM 9 DIAGNOSTIC FLOWCHART 


TEST OPTIONS 


ELECTRICAL GAUGES OK 


DOES THE AIR FILTER 
RESTRICTION GAUGE WORK? 


POSSIBLE PROBLEMS 


AIR RESTRICTION GAUGE 
VACUUM LINE 


REASON FOR QUESTION 


The restriction gauge indicates air 
filter condition. 


TEST OPTIONS 
VISUAL 


WITH THE ROTARY SWITCH IN 
THE RUN POSITION, DOES THE 
HEATER FAN WORK? 


AIR RESTRICTION GAUGE 


OK 
VACUUM LINE OK 


REASON FOR QUESTION 
The heater fan should work with 
the rotary switch in the RUN 

position. 


POSSIBLE PROBLEMS 


HEATER FAN MOTOR 
WIRING 

HEATER FAN SWITCH (No) GO TOP, 
CIRCUIT BREAKER 1 


NO FAULTS FOUND IN 
INSTRUMENTS CIRCUIT. 
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REFERENCE INFORMATION INSTRUMENTS CIRCUIT 


When vacuum is applied to the fine at 
the air filter, the gauge should read 
yellow and hold the reading until it is 
released by pressing the reset button 
on the gauge. 


AIR FILTER 
VACUUM LINE . 
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INSTRUMENTS CIRCUIT - DIAGNOSTIC FLOWCHART 


FROM 1, 
Page 2-306 


TEST OPTIONS 


SOME GAUGES AND 
LAMPS HAVE 
POWER WHEN THEY 
SHOULDNT 


1. STE/AICE-R TEST 89 
(Page 2-506) 


DISCONNECT WIRE 29B FROM 
CIRCUIT BREAKER 2. WITH THE 
ROTARY SWITCH IN THE OFF 

POSITION, DO YOU HAVE 
O VOLTAGE AT WIRE 29B? 


(NO) GO TO J, 
Page 2-350 


<> 
PA2 


DISCONNECT WIRE 29D FROM 
CIRCUIT BREAKER 2. WITH THE 
ROTARY SWITCH IN THE OFF 
POSITION, DO YOU HAVE 

0 VOLTAGE AT WIRE 29D? 


fox REPAIR SHORT 29D OR 
27F,G,H,L,K or 567A OR 


REPLACE HARNESS. 


2. MULTIMETER 


POSSIBLE PROSLEMS 


ROTARY SWITCH 
WIRING 


REASON FOR QUESTION 


Voltage here indicates a short 
circuit to power. 


TEST OPTIONS 


KNOWN INFO 


ROTARY SWITCH OK 


1. STE/ACE-R TEST 89 
(Page 2-506) 


2. MULTIMETER 


REASON FOR QUESTION 


Voltage here indicates a short 
Circuit to power. 


POSSIBLE PROBLEMS 


WIRING 


KNOWN INFO 


NO SHORTS TO POWER 


TEST OPTIONS 


1. STEACE-R TEST 91 
(Page 2-508) 


CHECK CONTINUITY FROM ALL 
GAUGE GROUND TERMINALS TO 
ENGINE GROUND (WIRES 58E-H). 
DO YOU HAVE CONTINUITY? 


2. MULTIMETER 


POSSIBLE PROBLEMS 


WIRING 


REASON FOR QUESTION 
A good ground circuit is necessary 
for proper gauge operation. 


REPAIR S8E-H 
OR REPLACE 
HARNESS. 


Se 


SEE NOTE AT 
RIGHT. 
2-314 


REFERENCE INFORMATION 


The easiest way to reach the circuit breaker and 
gauge wiring is to remove the gauge pane! screws 
and pull the panel out far enough to work with the 
wiring. 


CIRCUIT 
BREAKER 2 


Replace hamess or repair wiring|(para. 4-80) | 


Connect the BLACK test lead to a good engine 
ground and connect the RED test lead to each gauge 
ground terminal (the uninsulated screw) one at a time 
and note each reading. 


You have checked all the wiring that is common to all 
the gauges and waming lamps. Reconnect wires and 
retum to step 2,[/page 2-306] and continue testing. 


TM 9-2320-387-24-1 
INSTRUMENTS CIRCUIT 


DC VOLTAGE 0-45 VOLTS 
STE/CE-R TEST 89 


1. Connect RED clip to the indicated test point, 
BLACK clip to negative or ground. 


2. Start Test 89, DC Volts. 


3. Displayed reading is in volts. 


BATTERY VOLTAGE 
MULTIMETER 


1. Set the voltmeter to a DC volts scale of at least 
40 volts. 


2. Connect the RED tead to positive and the 
BLACK lead to negative. 


3. Be sure to read the correct scale. 


RESISTANCE AND CONTINUITY 
0-4,500 OHMS 
STEACE-R TEST 91 


1. Connect RED clip and BLACK clip to the 
indicated terminals in the question. RED to 
the first, BLACK to the second. 


2. Start Test 91, 0-4,500 Ohms. 


3. Displayed reading is in ohms. Less than 
5 ohms is continuity. If the resistance is 
over 4,500 ohms, STE/ICE-R displays .9.9.9.9. 


CONTINUITY (RESISTANCE) 
MULTIMETER 


1. Set the voltmeter to an ohms scale of about 
1,000 ohms. 


2. Connect the RED and BLACK leads to the 
connections stated in the question. 


3. Be sure to read the correct scale. Less than 
5 ohms indicates continuity. For an open 
circuit, the meter should peg full scale 

(needle all the way to the left). 
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INSTRUMENTS CIRCUIT 


KNOWN INFO 


ENGINE STARTS AND 
RUNS SO THERE IS 
POWER TO THE 
ROTARY SWITCH 


POSSIBLE PROBLEMS 


CIRCUIT BREAKER 2 
GAUGES 

LAMPS 

SENDING UNITS 
WIRING 


KNOWN INFO 


POWER AVAILABLE TO 
CIRCUIT BREAKER 


POSSIBLE PROBLEMS 


CIRCUIT BREAKER 2 
GAUGES 

LAMPS 

SENDING UNITS 
WIRING 


CIRCUIT BREAKER 2 OK 


POSSIBLE PROBLEMS 


GAUGES 
LAMPS 
SENDING UNITS 
WIRING 


Faow: DIAGNOSTIC FLOWCHART 


Page 2-306 


DISCONNECT WIRE 29B FROM 
CIRCUIT BREAKER 2. WITH 
ROTARY SWITCH IN THE RUN 
POSITION, DO YOU HAVE 
BATTERY VOLTAGE AT WIRE 
29B? 


TEST OPTIONS 


1. STE/ICE-R TEST 89 
(Page 2-506) 


2. MULTIMETER 


REASON FOR QUESTION 


Voltage here indicates that the 
wiring to the circuit breaker is OK. 


REPLACE 


HARNESS. 
Ces) 


NO REPAIR 298 OR 


TEST OPTIONS 


1. STE/ICE-R TEST 89 


CONNECT WIRE 29D FROM 
CIRCUIT BREAKER 2. WITH 
ROTARY SWITCH IN THE RUN 
POSITION, DO YOU HAVE 
BATTERY VOLTAGE AT CIRCUIT 
BREAKER 2? 


2. MULTIMETER 


REASON FOR QUESTION 


If you have voltage here, the 
circuit breaker is OK. 


REPLACE 
(NO) CIRCUIT 
BREAKER 2. 


TEST OPTIONS 


mac 


1. STE/ICE-R TEST 89 
(Page 2-506) 


RECONNECT WIRE 29D AT 
CIRCUIT BREAKER 2. WITH 
ROTARY SWITCH IN THE RUN 
POSITON, CHECK FOR BATTERY 
VOLTAGE AT THE GAUGE WIRES 
27G, 27H, 27J, AND 567A. DO YOU 
HAVE BATTERY VOLTAGE AT ANY 
OF THESE WIRES? 


2. MULTIMETER 


REASON FOR QUESTION 
If you have voltage here, 
any faults wiil be in the 
individual gauge circuits. 


REPAIR 29D OR 27P 
OR REPLACE 
HARNESS. 


SEE NOTE 
AT RIGHT. 


2-316 


REFERENCE INFORMATION 


The easiest way to reach the circuit breaker and 
gauge wiring is to remove the gauge pane! screws 
and pull the panei out far enough to work with the 
wiring. 


Replace harness or repair wiring [pafa. 4-80). 


Replace circuit breaker (para. 4-T2). 


Replace hamess or repair wiring (para. 4-80). 


You have checked all the common power wiring to all 
the gauges and waming lamps. Reconnect wires and 


retum to step 3, age 2-306, and continue testing. 


TM 9-2320-387-24-1 
INSTRUMENTS CIRCUIT 


DC VOLTAGE 0-45 VOLTS 
STEACE-R TEST 89 


1. Connect RED clip to the indicated test point, 
BLACK clip to negative or ground. 


2. Start Test 89, DC Volts. 


3. Displayed reading is in volts. 


BATTERY VOLTAGE 
MULTIMETER 


1. Set the voltmeter to a DC volts scale of at 
least 40 volts. 


2. Connect the RED lead to positive and the 
BLACK lead to negative. 


3. Be sure to read the correct scale. 


CIRCUIT 
BREAKER 2 


2-317 


TM 9-2320-387-24-1 


INSTRUMENTS CIRCUIT 


POWER AVAILABLE TO 
GAUGES 

WAIT-TO-START LAMP 
DOESN'T COME ON 


POSSIBLE PROBLEMS 


WAIT-TO-START LAMP 

PCB 

GLOW PLUG 
CONTROLLER 

WIRING 


POWER AVAILABLE TO 
LAMP 


POSSIBLE PROBLEMS 


WAIT-TO-START LAMP 

PCB 

GLOW PLUG 
CONTROLLER 

WIRING 


LAMP HAS GROUND 


POSSIBLE PROBLEMS 


WAIT-TO-START LAMP 

PCB 

GLOW PLUG 
CONTROLLER 

WIRING 


Cc | DIAGNOSTIC FLOWCHART 


FROM 3, 
Page 2-306 


TEST OPTIONS 


1. STE/ICE-R TEST 89 
(Page 2-506) 


DISCONNECT WIRE 27F AT THE 
WAIT-TO-START LAMP. WITH THE 
ROTARY SWITCH IN THE RUN 
POSITION, DO YOU HAVE 
BATTERY VOLTAGE AT WIRE 27F? 


2. MULTIMETER 


REASON FOR QUESTION 


You know power is available at 
the wire junction. Now you need 
to know if it is reaching the 
gauge. 


REPAIR 27F OR 
(NO) REPLACE 
HARNESS. 
| C2 TEST OPTIONS 


1. STE/ICE-R TEST 91 


DISCONNECT PCB ENGINE Pedegepene 


CONNECTOR, BODY CONNECTOR 
& WIRE 571A AT THE WAIT-TO- 
START LAMP. DO YOU HAVE 
CONTINUITY BETWEEN WIRE 
571A & SOCKET E ON THE BODY 
CONNECTOR HARNESS? 


2. MULTIMETER 


REASON FOR QUESTION 
The ground circuit for the lamp 


goes through this wire and the 
PCB. 


REPAIR 571A OR 
REPLACE 
HARNESS. 


TEST OPTIONS 


1. STE/ICE-R TEST 91 
(Page 2-508) 


CONNECT RED LEAD OF 
STE/ICE-R OR MULTIMETER TO 
LEAD WIRE 27 OF THE WAIT-TO- 
START LAMP AND CONNECT THE 
BLACK LEAD TO WIRE 571 LEAD 
OF THE LAMP. DOES THE LAMP 
GLOW DIMLY? 


2. MULTIMETER 
(RESISTANCE) 


REASON FOR QUESTION 


You need to make sure the lamp 
can light. 


REPLACE 
(NO) WAIT-TO -START 


C YES) LAMP. 


GO TO C4, 
Page 2-320 


2-318 


TM 9-2320-387-24-1 


REFERENCE INFORMATION INSTRUMENTS CIRCUIT 


BATTERY VOLTAGE 
MULTIMETER 


1. Set the voltmeter to a DC volts scale of at least 40 
volts. 


DC VOLTAGE 0-45 VOLTS 
STE/ICE-R TEST 89 


1. Connect RED clip to the indicated test point, 
BLACK clip to negative or ground. 


2. Connect the RED lead to positive and ihe BLACK lead 
to negative. 2. Start Test 89, DC Volts. 


3. Be sure to read the correct scale. 3. Displayed reading is in volts. 


RESISTANCE AND CONTINUITY 
0-4,500 OHMS 
STE/ICE-R TEST 91 


1. Connect RED clip and BLACK clip to the terminations 
indicated in the question. RED to the first, BLACK to 
the second. 


2. Start Test 91, 0-4,500 Ohms. 


3. Displayed reading is in ohms. Less than 5 ohms ts 
continuity. If the resistance is over 4,500 ohms, 
STE/ICE-R displays .9.9.9.9. 


PROTECTIVE CONTROL 
BOX 


8 
CONNECTOR 


WARNING 


Disconnect negative battery cable 
before disconnecting and reconnecting 
PCB harness. 


WARNING 


There is battery voltage at the PCB at all 
times. Failure to disconnect battery 


cable will result in damage to equipment WAIT-TO-START LAMP 


or injury to personnel. 
CONTINUITY (RESISTANCE) 
MULTIMETER 


1. Set the voltmeter to an ohms scale of about 
1,000 ohms. 


Repair hamess[(para. 4-80). 


It is important to connect the leads as indicated because you 
are checking continuity across a diode. The lamp will glow 
dimly because you are supplying a small amount of power 
through STE/ICE-R. You may have to shade the lamp with 
your hand to see if it glows. 


2. Connect the RED and BLACK leads to the 


A multimeter may not supply enough power to light the lamp. connections stated in the question. 


In this case, look for a much greater resistance when 
measuring with the leads connected in one direction than 
when they are connected in reverse. 


Replace lampi{para. 4-20). 


3. Be sure to read the correct scale. Less than 5 
ohms indicates continuity. For an open circuit, 
the meter should peg full scale (needle ail the 

way to the left). 


2-319 


TM 9-2320-387-24-1 


INSTRUMENTS CIRCUIT DIAGNOSTIC FLOWCHART 
Page 2-318 an 


KNOWN INFO 


LAMP OK DISCONNECT GLOW PLUG 
CONTROLLER. DO YOU HAVE 
CONTINUITY BETWEEN SOCKET 6 
IN THE CONTROLLER HARNESS & 
SOCKET A IN THE ENGINE 
CONNECTOR HARNESS? 


TEST OPTIONS 


1. STE/ICE-R TEST 91 
(Page 2-508) 


2. MULTIMETER 


POSSIBLE PROBLEMS 


PCB 

GLOW PLUG 
CONTROLLER 

WIRING 


REASON FOR QUESTION 


This wire provides power to the 
controiler. 


REPAIR 569A, 569 
OR REPLACE 
HARNESS. 


TEST OPTIONS 


ee 2) 


LAMP OK 


1. STE/ICE-R TEST 91 


DO YOU HAVE CONTINUITY (Page 2-508) 


BETWEEN SOCKET 3 IN THE 
CONTROLLER HARNESS & 
SOCKET B IN THE ENGINE 
CONNECTOR HARNESS? 


2. MULTIMETER 


REASON FOR QUESTION 


POSSIBLE PROBLEMS 


This wire returns power for 
ino the la 
GLOW PLUG me: 
CONTROLLER 


WIRING REPAIR 459B OR 
REPLACE 


HARNESS. 


TEST OPTIONS 


WIRING TO & FROM 
CONTROLLER OK 


1. STE/ICE-R TEST 91 
(Page 2-508) 


RECONNECT GLOW PLUG 
CONTROLLER. DO YOU HAVE 
CONTINUITY BETWEEN SOCKET A 
& SOCKET B IN THE ENGINE 
CONNECTOR HARNESS? 


2. MULTIMETER 


POSSIBLE PROBLEMS 


REASON FOR QUESTION 
lf you don’t have continuity 
here, you know that the 
controller is bad. 


PCB 
GLOW PLUG 
CONTROLLER 


REPLACE 
(No) GLOW PLUG 


C Yes) CONTROLLER. 


GO TO C7, 
Page 2-322 


2-320 


REFERENCE INFORMATION 


WARNING 


Disconnect negative battery 
cable before disconnecting and 
reconnecting PCB harness. 


WARNING 


There is battery voltage at the PCB at all 
times. Failure to disconnect battery cable 
will result in damage to equipment or 
injury to personnel. 


RESISTANCE AND CONTINUITY 
0-4,500 OHMS 
STE/CE-R TEST 91 
1. Connect RED clip and BLACK clip to the 


terminations indicated in the question. RED to 
the first, BLACK to the second. 


2. Start Test 91, 0-4.500 Ohms. 


3. Displayed reading is in ohms. Less than 5 ohms 
is continuity. If the resistance is over 4,500 
ohms, STE/ICE-R displays .9.9.9.9. 


CONTINUITY (RESISTANCE) 
MULTIMETER 


1. Set the voltmeter to an ohms scale of about 
1,000 ohms. 


2. Connect the RED and BLACK leads to the 
connections stated in the question. 


3. Be sure to read the correct scale. Less than 5 
ohms indicates continuity. For an open circuit, 
the meter should peg full scale (needle all the 

way to the left). 


Repair/replace hamess 


Engine temperature 


4 

must be below oO 0 Oo 

120°F (49°C) in 2 5 

order to make this re) Oo 

test. Otherwise, oO 6 

normal operation of 1 

the glow piug GLOW PLUG 
controller will cause ==CONTROLLER HARNESS 
the circuit to be 

open. 


Replace glow plug 
controller (para. 4-33)| 


PCB ENGINE CONNECTOR 


TM 9-2320-387-24-1 


INSTRUMENTS CIRCUIT 


BODY CONNECTOR 


WAIT-TO-START 
LAMP 


GLOW PLUG 


ME 
SJ 


ei 


GLOW PLUG 


CONTROLLER HARNESS 


2-321 


TM 9-2320-387-24-1 


INSTRUMENTS CIRCUIT FROMCE DIAGNOSTIC FLOWCHART 
“iN 


TEST OPTIONS 


RECONNECT ALL WIRING (RECON- 
NECT ENGINE CONNECTOR LAST) 
AND RECHECK WAIT-TO-START 
LAMP OPERATION. WITH THE 
ROTARY SWITCH IN THE RUN 
POSITION, DOES THE 
WAIT-TO-START LAMP COME ON ? 


GLOW PLUG 
CONTROLLER OK 


CONNECT THE WIRES. 


POSSIBLE PROBLEMS 


PCB 


REASON FOR QUESTION 


You may have fixed a loose or 
dirty connection without knowing it. 


REPLACE PCB. 


2-322 


TM 9-2320-387-24-1 


REFERENCE INFORMATION INSTRUMENTS CIRCUIT 


WARNING 


Disconnect negative battery 
cable before disconnecting and 
reconnecting PCB harness. 


WARNING 


There is battery voltage at the PCB 
at all times. Failure to disconnect 
battery cable will result in damage 
to equipment or injury to personnel. 


Engine temperature must be below 120°F 
(49°C) or the lamp may not come on. 


Replace PCB((para. 4-4). 


2-323 


TM 9-2320-387-24-1 


INSTRUMENTS CIRCUIT beni ji DIAGNOSTIC FLOWCHART 


Page 2-308 


TEST OPTIONS 


1. STEACE-R TEST 89 
(Page 2-506) 


BRAKE LAMP DOESN'T 


DISCONNECT WIRE 27L AT THE 
COME ON 


BRAKE WARNING LAMP. 


2. MULTIMETER 


POWER AVAILABLE TO 
THE GAUGES 


WITH THE ROTARY SWITCH IN THE 
RUN POSITION, DO YOU HAVE 
BATTERY VOLTAGE AT WIRE 27L? 


POSSIBLE PROBLEMS 


PARKING BRAKE SWITCH 
BRAKE LAMP 
WIRING 


REASON FOR QUESTION 


This wire provides power for 
the lamp. 


REPLACE 
HARNESS. 


(NO) REPAIR 27L OR 


TEST OPTIONS 


1. STE/AICE-R TEST 91 


POWER AVAILABLE TO (Page 2-508) 


THE LAMP 


DISCONNECT WIRE 67D AT BRAKE 
LAMP. CONNECT RED LEAD OF 
STE/ICE-R OR MULTIMETER TO 
WIRE 67. CONNECT THE BLACK 
LEAD TO WIRE 27. 


2. MULTIMETER 


REASON FOR QUESTION 


You need to know that the 
lamp will light. 


POSSIBLE PROBLEMS 


PARKING BRAKE SWITCH 
BRAKE LAMP 
WIRING 


DOES THE LAMP GLOW DIMLY? 


REPLACE BRAKE 
WARNING LAMP. 


BRAKE LAMP OK 


TEST OPTIONS 


1. STE/ICE-R TEST 91 
(Page 2-508) 


DISCONNECT WIRE 67C AT 
PARKING BRAKE SWITCH. 


2. MULTIMETER 


DO YOU HAVE CONTINUITY 

BETWEEN WIRE 67C AT THE 
SWITCH & WIRE 67D AT THE 
LAMP? 


REASON FOR QUESTION 
If either of these wires are 
open, the lamp circuit will not 
be grounded. 


POSSIBLE PROBLEMS 


PARKING BRAKE SWITCH 
WIRING 


© REPAIR 67C,D, OR 


REPLACE 


Cves) HARNESS. 


GO TO D4, 
Page 2-326 


2-324 


TM 9-2320-387-24 -1 


REFERENCE INFORMATION INSTRUMENTS CIRCUIT 


PROTECTIVE CONTROL 
BOX 


BODY CONNECTOR | C | 


DC VOLTAGE 0-45 VOLTS 
STEACE-R TEST 89 


1. Connect RED clip to the indicated test point, 
BLACK clip to negative or ground. 


2. Start Test 89, DC Volts. 


3. Displayed reading is in volts. 


BATTERY VOLTAGE 
MULTIMETER 


1. Set the voltmeter to a DC voits scale of at 
least 40 voits. 


2. Connect the RED lead to positive and the 
BLACK lead to negative. 


3. Be sure to read the correct scale. 


RESISTANCE AND CONTINUITY 
0-4,500 OHMS 
STE/ICE-R TEST 91 


1. Connect RED clip and BLACK clip to the 
indicated terminals in the question. RED to the 
first, BLACK to the second. 


BRAKE WARNING LAMP 


Repair/replace wiring (para. 4-80)] 2. Start Test 91, 0-4,500 Ohms. 
Replace brake warning tamp[(para. 4-21). 3. Displayed reading is in ohms. Less than 5 ohms 


is continuity. If the resistance is over 4,500 
ohms, STE/ICE-R displays .9.9.9.9. 


CONTINUITY (RESISTANCE) 
MULTIMETER 


1. Set the voltmeter to an ohms scale of about 
1,000 ohms. 


It is important to connect the leads as indicated because you 
are checking continuity across a diode. The lamp will glow 
dimly because you are supplying a small amount of power 
through STE/ICE-R. You may have to shade the lamp with 
your hand to see if it glows. 


A multimeter may not supply enough power to light the lamp. 

In this case, look for a much greater resistance when 
measuring with the leads connected in one direction than when 
they are connected in reverse. 


Replace hamess or repair wiring 


2. Connect the RED and BLACK leads to the 
connections stated in the question. 


3. Be sure to read the correct scale. Less than 
5 ohms indicates continuity. For an open 
circuit, the meter should peg full scale 

(needie all the way to the left). 


2-325 


TM 9-2320-387-24-1 


INSTRUMENTS CIRCUIT 


BRAKE LAMP OK 


POSSIBLE PROBLEMS 


PARKING BRAKE SWITCH 
WIRING 


PARKING BRAKE SWITCH 
OK 


POSSIBLE PROBLEMS 


WIRING 


2-326 


FROM D3, DIAGNOSTIC FLOWCHART 
Page 2-324 


TEST OPTIONS 


1. STE/ICE-R TEST 91 
(Page 2-508) 


DISCONNECT WIRE 67E AT THE 
PARK BRAKE SWITCH. WITH THE 
PARK BRAKE APPLIED, DO YOU 
HAVE CONTINUITY ACROSS THE 
SWITCH LEADS? 


2. MULTIMETER 


REASON FOR QUESTION 


This wire provides power for 
the lamp. 


REPLACE PARKING 
BRAKE SWITCH. 


TEST OPTIONS 


DO YOU HAVE CONTINUITY FROM | “teaceasoay 
WIRE 67E TO BODY (OR ENGINE) 
GROUND? 


2. MULTIMETER 


REASON FOR QUESTION 


You need to know that the 
lamp will light. 


REPAIR 67E, 79A 
OR REPLACE 
HARNESS. 


REFERENCE INFORMATION |: 


RESISTANCE AND CONTINUITY 
0-4,500 OHMS 
STE/ICE-R TEST 91 


1. Connect RED clip and BLACK clip to the 
terminations indicated in the question. RED to 
the first, BLACK to the second. 


2. Start Test 91, 0-4,500 Ohms. 


3. Displayed reading is in ohms. Less than 5 ohms 
is continuity. if the resistance is over 4,500 
ohms, STE/ICE-R displays .9.9.9.9. 


Replace parking brake switch 


Replace harness or repair wiringi{Dara. 4-80). 


Reconnect all wiring. Connect glow plug controller last. 


TM 9-2320-387-24-1 


INSTRUMENTS CIRCUIT 


CONTINUITY (RESISTANCE) 
MULTIMETER 


1. Set the voltmeter to an ohms scale of about 
1,000 ohms. 


2. Connect the RED and BLACK leads to the 
connections stated in the question. 


3. Be sure to read the correct scale. Less than 5 
ohms indicates continuity. For an open circuit, 
the meter should peg full scale (needle ail the 

way to the left). 


PROTECTIVE CONTROL BOX 


BODY CONNECTOR | c | 
67A 


67B 
PSS. 


PRESSURE 
SWITCH 


X 


ala 
Nay 


BRAKE WARNING LAMP 


2-327 


TM 9-2320-387-24-1 


INSTRUMENTS CIRCUIT DIAGNOSTIC FLOWCHART 


BRAKE WARNING 
LIGHT WON'T GO OFF 


POSSIBLE PROBLEMS 


PROPORTIONING VALVE 

WIRING 

PARKING BRAKE SWITCH 
BOX 

BRAKE WARNING 
PRESSURE SWITCH 


BRAKE WARNING 
LIGHT WON'T GO OFF 


POSSIBLE PROBLEMS 


PROPORTIONING VALVE 

WIRING 

PARKING BRAKE 

SWITCH BOX 

BRAKE WARNING 
PRESSURE SWITCH 


BRAKE WARNING 
LIGHT WON'T GO OFF 


POSSIBLE PROBLEMS 


WIRING 

PARKING BRAKE SWITCH 
BOX 

BRAKE WARNING 
PRESSURE SWITCH 


2-328 


TEST OPTIONS 


BLEED BRAKE SYSTEM. DOES THE 
LIGHT STAY ON? 


REASON FOR QUESTION 


If the lamp stays on, it could be 
that the hydraulic brake system 
has a fault and might require 

bleeding. 


TEST OPTIONS 


CHECK PROPORTIONING VALVE 
FOR PROPER OPERATION. (GO 
TO B-7 PAGE 2-428). IS PROPOR- 
TIONING VALVE OPERATING 
PROPERLY? 
REASON FOR QUESTION 
if the lamp stays on after 
bieeding the brake system, the 


proportioning vaive could be 
malfunctioning. 


REPLACE 
(No) PROPORTIONING 
Cves ) VALVE 


DISCONNECT WIRE 67A AND 67B 
FROM BRAKE WARNING PRESSURE 
SWITCH, AND WIRE 67C FROM 
PARKING BRAKE SWITCH. DISCON- 
NECT THE PCB BODY HARNESS 
CONNECTOR. CONNECT A JUMPER 
WIRE BETWEEN WIRES 67A AND. 
67B. DOES THE LIGHT GO OUT? 


TEST OPTIONS 
VISUAL 


REASON FOR QUESTION 
If the lamp stays on with the 
PCB, valve switch, and park 
brake switch disconnected, the 
problem is in the wiring. 


REPAIR OR 
REPLACE WIRING 
HARNESS. 


aS 


GO TO 4 
Page 2-330 


TM 9-2320-387-24-1 


REFERENCE INFORMATION INSTRUMENTS CIRCUIT 


PROTECTIVE CONTROL BOX 


BODY CONNECTOR | | 


li,’ 


Bleed brake system([[(Dara. 7-2). PRESSURE 
SWITCH 


Replace proportioning valve[{para.7-10). BRAKE WARNING LAMP 


Replace hamess or repair wiring[(para. 4-60). 


2-329 


TM 9-2320-387-24-1 


INSTRUMENTS CIRCUIT 


WIRING OK 


POSSIBLE PROBLEMS 


PROTECTIVE CONTROL 
BOX 

BRAKE WARNING 
PRESSURE SWITCH 

PARKING BRAKE SWITCH 


WIRING OK 

PCB OK 

BRAKE WARNING VALVE 
SWITCH OK 


POSSIBLE PROBLEMS 


PARKING BRAKE SWITCH 


PROTECTIVE CONTROL 
BOX OK 
WIRING OK 


POSSIBLE PROBLEMS 


BRAKE WARNING 
PRESSURE SWITCH 
PARKING BRAKE SWITCH 


2-330 


FROM 3, 
Page 2-328 


CONNECT PCB BODY HARNESS. 
DOES THE LIGHT STAY OFF? 


TEST OPTIONS 
VISUAL 


REASON FOR QUESTION 
When the PCB is connected, 
the light shouid not come on. 
If it does, the PCB is faulty. 


e 
Ces) , 


CONNECT PARKING BRAKE 
SWITCH. MAKE SURE THE 

PARKING BRAKE IS DISENGAGED. 
DOES THE LIGHT STAY OFF? 


TEST OPTIONS 


VISUAL 


REASON FOR QUESTION 


The light will only come on 
when the parking brake switch 
is connected if the parking 

brake switch has a problem. 


REPLACE 
PARKING BRAKE 
SWITCH. 


© 


TEST OPTIONS 


REMOVE JUMPER WIRE. CONNECT [| VISUAL 
BRAKE WARNING PRESSURE 
SWITCH. DOES LIGHT STAY OFF? 


REASON FOR QUESTION 
If the light comes on when 


REPLACE brake warning pressure switch 
(No) PROPORTIONING is connected, the brake 
VALVE. warning pressure switch is the 


problem. 


DIAGNOSTIC FLOWCHART 


TM 9-2320-387-24-1 


REFERENCE INFORMATION INSTRUMENTS CIRCUIT 


Replace PCE (para. 4-4). 


Replace parking brake switch 


When the brake warming pressure 
switch is defective, the proportioning 
vaive must be replaced (para. 7-10). 


2-331 


TM 9-2320-387-24-1 


INSTRUMENTS CIRCUIT ee : DIAGNOSTIC FLOWCHART 


Page 2-308 


TEST OPTIONS 


POWER AVAILABLE TO 
GAUGES 

VOLTMETER DOESN'T 
WORK 


1. STE/ICE-R TEST 89 


DISCONNECT WIRE 567A AT THE (Page 2-506) 


VOLTMETER. WITH THE ROTARY 
SWITCH IN THE RUN POSITION, 
DO YOU HAVE BATTERY 
VOLTAGE AT WIRE 567A? 


2. MULTIMETER 


POSSIBLE PROBLEMS 


VOLTMETER 
WIRING 


REASON FOR QUESTION 


The voltmeter reads voltage on 
this wire. 


REPAIR 567A 
OR REPLACE 
HARNESS. 


TEST OPTIONS 


POWER AVAILABLE AT 
VOLTMETER 


1. STE/ICE-R TEST 91 


IS THERE CONTINUITY BETWEEN Peso coe) 


WIRE 58F AND ENGINE (OR BODY) 
GROUND? 


2. MULTIMETER 


POSSIBLE PROBLEMS 


REASON FOR QUESTION 
This wire is the ground 
reference for the voltmeter. 


VOLTMETER 
WIRING 


REPAIR 
58F,0,8,A OR 
REPLACE 
HARNESS. 


REPLACE VOLTMETER. 
RERUN INSTRUMENT TESTS TO 
VERIFY NO OTHER FAULTS. 


2-332 


REFERENCE INFORMATION 


Replace hamess or repair wiring (para. 4-80). 


Replace harness or repair wiring (para. 4-80). 


Be sure the charging system is functioning 
properly before replacing the voltmeter. Run the 
altemator tests[ page 2-199, if you're not sure. 


Replace voltmeter[{para. 4-16). 


TM 9-2320-387-24-1 


INSTRUMENTS CIRCUIT 


DC VOLTAGE 0-45 VOLTS 
STE/ACE-R TEST 89 


1. Connect RED clip to the indicated test point, 
BLACK clip to negative or ground. 


2. Start Test 89, DC Volts. 


3. Displayed reading is in volts. 


BATTERY VOLTAGE 
MULTIMETER 


1. Set the voltmeter to a DC volts scale of at least 
40 volts. 


2. Connect the RED lead to positive and the 
BLACK lead to negative. 


3. Be sure to read the correct scale. 


RESISTANCE AND CONTINUITY 
0-4,500 OHMS 
STE/ACE-R TEST 91 


1. Connect RED clip and BLACK clip to the 
indicated terminals in the question. RED to the 
first, BLACK to the second. 


2. Start Test 91, 0-4,500 Ohms. 
3. Displayed reading is in ohms. Less than 5 ohms 


is continuity. If the resistance is over 4,500 
ohms, STE/CE-R displays .9.9.9.9. 


CONTINUITY (RESISTANCE) 
MULTIMETER 


1. Set the voltmeter to an ohms scale of about 
1,000 ohms. 


2. Connect the RED and BLACK leads to the 
connections stated in the question. 


3. Be sure to read the correct scale. Less than 
5 ohms indicates continuity. For an open 
circuit, the meter should peg full scale 
(needle all the way to the left). 


2-333 


TM 9-2320-387-24-1 


INSTRUMENTS CIRCUITS eaoue DIAGNOSTIC FLOWCHART 
Page 2-308 


POWER AVAILABLE 
TO GAUGES ae 
WINDSHIELD WIPERS 
DON'T WORK 


TEST OPTIONS 


1. STE/ICE-R TEST 89 
(Page 2-506) 


DISCONNECT WIRE 27 AT WIPER 
MOTOR CONNECTOR. WITH 
ROTARY SWITCH IN THE RUN 
POSITION, DO YOU HAVE 
BATTERY VOLTAGE AT THE 
MOTOR CONNECTOR? 


(No) GO TOM, 
Page 2-356 


2. MULTIMETER 


WIPER MOTOR 
WIRING 


REASON FOR QUESTION 


This wire provides power to 
the wipers. 


TEST OPTIONS 


1. STE/VICE-R TEST 91 
(Page 2-508) 


POWER TO WIPER 
MOTOR 


DO YOU HAVE CONTINUITY FROM 
WIRE 57 AT THE CONNECTOR-TO- 
BODY (OR ENGINE) GROUND? 2. MULTIMETER 
REASON FOR QUESTION 


This wire provides ground for 
the wipers. 


POSSIBLE PROBLEMS 


WIPER MOTOR 
WIRING 


(NO) GO TON, 
Page 2-358 


Ces) 


REPLACE WIPER MOTOR 
OR GO TO F3. 


2-334 


REFERENCE INFORMATION 


Replace wiper motor (para. 10-63). 


TM 9-2320-387-24-1 


INSTRUMENTS CIRCUIT 


DC VOLTAGE 0-45 VOLTS 
STE/CE-R TEST 89 


1. Connect RED clip to the indicated test point 
BLACK clip to negative or ground. 


2. Start Test 89, OC Volts. 


3. Displayed reading is in volts. 


BATTERY VOLTAGE 
MULTIMETER 
1. Set the voltmeter to a DC volts scale of at least 


40 volts. 


2. Connect the RED lead to positive and the 
BLACK lead to negative. 


3. Be sure to read the correct scale. 
RESISTANCE AND CONTINUITY 
0-4,500 OHMS 
STEACE-R TEST 91 
1. Connect RED clip and BLACK clip to the 


indicated terminals in the question. RED to the 
first, BLACK to the second. 


2. Start Test 91, 0-4,500 Ohms. 


3. Displayed reading is in ohms. Less than 5 
ohms is continuity. If the resistance is over 
4,500 ohms, STE/ICE-R displays .9.9.9.9. 


CONTNUITY (RESISTANCE) 
MULTIMETER 


1. Set the voltmeter to an ohms scale of about 
1,000 ohms. 


2. Connect the RED and BLACK leads to the 
connections stated in the question. 


3. Be sure to read the correct scale. Less than 5 
ohms indicates continuity. For an open circuit, 
the meter should peg full scale (needle all the 

way to the left). 


2-335 


TM 9-2320-387-24-1 


INSTRUMENTS CIRCUIT DIAGNOSTIC FLOWCHART 
Page 2-334 


DISCONNECT SWITCH WIRING FROM 
MOTOR ASSEMBLY. WITH SWITCH IN 
THE OFF POSITION, DO YOU HAVE 
CONTINUITY FROM INPUT 
CONNECTOR (BATTERY) AND 
SOCKET 4? YOU SHOULD ALSO 
HAVE CONTINUITY BETWEEN PIN 2 
AND SOCKET 3. 


(no) REPLACE WIPER 
C YES ) SWITCH. 


WITH SWITCH IN THE LOW SPEED 
POSITION, DO YOU HAVE 
CONTINUITY FROM INPUT 
CONNECTOR (BATTERY) TO PIN 2? 
WITH THE SWITCH IN THE HIGH 
SPEED POSITION, CONTINUITY 
SHOULD EXIST BETWEEN INPUT 
CONNECTOR (BATTERY) AND PIN 1. 


(no) REPLACE WIPER 
SWITCH. 


Qs) 


TEST OPTIONS 


MULTIMETER 


POWER TO WIPER 
MOTOR 


REASON FOR QUESTION 
This will determine if switch is 
defective. 


POSSIBLE PROBLEMS 


WIPER MOTOR 
WIRING 


TEST OPTIONS 


POWER TO WIPER MULTIMETER 


MOTOR 


REASON FOR QUESTION 
This will determine if switch 
is defective. 


POSSIBLE PROBLEMS 


WIPER MOTOR 
WIRING 


WITH SWITCH DEPRESSED FOR THE 
PUSH-TO-WASH OPERATION, 
CONTINUITY SHOULD EXIST 
BETWEEN THE INPUT CONNECTOR 
(BATTERY) AND WASH TERMINAL. 


(No) REPLACE WIPER 
SWITCH. 
REPLACE WIPER 
MOTOR. 


TEST OPTIONS 


MULTIMETER 


REASON FOR QUESTION 
This will determine if switch 
is defective. 


2-336 


REFERENCE INFORMATION 


Replace wiper switch (para. 10-63). 


Replace wiper switch (para. 10-63). 


Replace wiper switch (para. 10-63). 


Replace wiper motor (para. 10-63). 


(LOW SPEED) 


TM 9-2320-387-24-1 
INSTRUMENTS CIRCUIT 


CONTINUITY (RESISTANCE) 
MULTIMETER 


1. Set the voltmeter to an ohms scale of about 
1,000 ohms. 


2. Connect the RED and BLACK leads to the 
connections stated in the question. 


3. Be sure to read the correct scale. Less 
than 5 ohms indicates continuity. For an 
open circuit, the meter should peg full scale 

(needle all the way to the left). 


PIN 2 


PIN 1 


LS" SPEED) 


© @ 


O O 
PINS SS PIN 4 
(PARK) Se (BATTERY) 


MOTOR CONNECTOR 


BATTERY 


INPUT CONNECTOR 


2-337 


TM 9-2320-387-24-1 


INSTRUMENTS CIRCUIT See > DIAGNOSTIC FLOWCHART 


Page 2-310 


DISCONNECT WIRE 27J FROM 
FUEL GAUGE. WITH THE ROTARY 
SWITCH IN THE RUN POSITION, 
DO YOU HAVE BATTERY 
VOLTAGE AT WIRE 27J? 


TEST OPTIONS 


1. STE/ICE-R TESTS 89 
(Page 2-506) 


FUEL GAUGE DOESN'T 
WORK 


2. MULTIMETER 


POSSIBLE PROBLEMS 


SENDING UNIT 


REASON FOR QUESTION 


This wire provides power for the 
gauge. 


REPLACE 
HARNESS. 


(NO) REPAIR 27J OR 


TEST OPTIONS 


. STE/ICE-R TESTS 91 
IS THERE CONTINUITY BETWEEN Jf (rage 2.508) 
WIRE 58H AT THE FUEL GAUGE 
AND GROUND? 


POWER AVAILABLE TO 
THE GAUGE 


2. MULTIMETER 


POSSIBLE PROBLEMS 


REASON FOR QUESTION 
If there is continuity, then the 


GAUGE ground is OK. 
WIRING 
SENDING UNIT 
REPAIR 58H OR 
(No) REPLACE 
HARNESS. 


TEST OPTIONS 


1. STEACE-R TESTS 91 
(Page 2-508) 


GAUGE GROUND OK RECONNECT WIRE 27J & 


DISCONNECT WIRE 28A AT THE 
GAUGE. IS THE RESISTANCE 
BETWEEN WIRE 28A AT FUEL 
GAUGE AND CHASSIS GROUND 
WITHIN 0 TO 35 OHMS? 


2. MULTIMETER 


POSSIBLE PROBLEMS 


REASON FOR QUESTION 


if the resistance is OK, the sense 


GAUGE line is OK. 


WIRING 
SENDING UNIT 


(No) GO TOL, 
Page 2-352 


Ces) 


GO TO G4, 
2-338 Page 2-340 


TM 9-2320-387-24-1 


REFERENCE INFORMATION INSTRUMENTS CIRCUIT 


DC VOLTAGE 0-45 VOLTS 
STE/ICE-R TEST 89 


1. Connect RED clip to the indicated test 
point, BLACK clip to negative or ground. 


2. Start Test 89, DC Volts. 


Replace harness or repair wiring/(para. 4-80). 3. Displayed reading is in volts. 


BATTERY VOLTAGE 
MULTIMETER 


1. Set the voltmeter to a DC volts scale of at least 
40 volts. 


. Connect the RED lead to positive and the 
BLACK lead to negative. 


. Be sure to read the correct scale. 


RESISTANCE AND CONTINUITY 
0-4,500 OHMS 
STENCE-R TEST 91 
Replace hamess or repair wiring/(para. 4-80). 
. Connect RED clip and BLACK clip to the 
indicated terminals in the question. RED to the 
first, BLACK to the second. 


. Start Test 91, 0-4,500 Ohms. 


. Displayed reading is in ohms. Less than 5 
ohms is continuity. If the resistance is over 
4,500 ohms, STE/ICE-R displays .9.9.9.9. 


CONTINUITY (RESISTANCE) 
MULTIMETER 


1. Set the voltmeter to an ohms scale of about 
1,000 ohms. 


2. Connect the RED and BLACK ieads to the 
connections stated in the question. 


3. Be sure to read the correct scale. Less than 
5 ohms indicates continuity. For an open 


circuit, the meter should peg full scale 
(needle all the way to the left). 


2-339 


TM 9-2320-387-24-1 


INSTRUMENTS CIRCUIT FROM G3 DIAGNOSTIC FLOWCHART 


TEST OPTIONS 


GAUGE HAS POWER & 
GROUND 


WITH THE ROTARY SWITCH IN 
THE RUN POSITION, SHORT THE 
SOCKET FOR WIRE 28A TO 
GROUND. DOES THE FUEL 
GAUGE READ AT OR BELOW 
EMPTY? 


e 
GAUGE. 
Cs) 
ieee 


WITH THE ROTARY SWITCH IN 
THE ON POSITION AND WIRE 
28A OPEN, DOES THE FUEL 


SENDER OK 
WIRING OK 


POSSIBLE PROBLEMS 


REASON FOR QUESTION 
Gauge shoutd read at or 
below empty. 


TEST OPTIONS 


GAUGE HAS POWER & 
GROUND 


SENDER OK 


WIRING OK GAUGE READ OFF SCALE TO 
ABOVE FULL? 
REASON FOR QUESTION 


Gauge should read off scale. 


(No) REPLACE FUEL 
GAUGE. 


Qs) 


2-340 


TM 9-2320-387-24-1 


REFERENCE INFORMATION INSTRUMENTS CIRCUIT 


Replace fuel gauge (para. 4-16). 


Repiace fuei gauge (para. 4-16). 


2-341 


TM 9-2320-387-24-1 


INSTRUMENTS CIRCUIT Saou ; DIAGNOSTIC FLOWCHART 


Page 2-310 


TEST OPTIONS 


1. STE/ICE-R TEST 89 
(Page 2-506) 


POWER AVAILABLE TO 
THE GAUGES 

OIL PRESSURE GAUGE 
DOESN'T WORK 


DISCONNECT WIRE 27H AT THE 
OIL PRESSURE GAUGE. WITH THE 
ROTARY SWITCH IN THE RUN 
POSITION, DO YOU HAVE 
BATTERY VOLTAGE AT WIRE 27H? 


2. MULTIMETER 


REASON FOR QUESTION 


GAUGE This is the power wire for 


SENDING UNIT the gauge. 
WIRING 
REPAIR 27H OR 
(No) REPLACE 
HARNESS. 


TEST OPTIONS 


Ol. PRESSURE GAUGE 
HAS POWER 


1. STE/ICE-R TEST 91 
(PAGE 2-508) 


WITH THE ROTARY SWITCH IN 
THE OFF POSITION, DO YOU 
HAVE CONTINUITY BETWEEN 
WIRE 58G AT THE GAUGE AND 
ENGINE (OR BODY) GROUND? 


2. MULTIMETER 


REASON FOR QUESTION 
This is the ground wire for 


POSSIBLE PROBLEMS 


GAUGE the gauge. 
SENDING UNIT 
WIRING 
REPAIR 58G OR 
(No) REPLACE 
HARNESS. 


TEST OPTIONS 


1. STE/AICE-R TEST 91 
(Page 2-508) 


PAT ee SheUAR ers DISCONNECT WIRE 36A AT THE 


GAUGE AND AT THE OIL 
PRESSURE SENDING UNIT. DO 
YOU HAVE CONTINUITY 
THROUGH WIRE 36A? 
RECONNECT WIRE 36A AFTER 
MAKING THE MEASUREMENT. 


| 6 ae (PEPAIR 36 OF 


REPLACE 
HARNESS. 


2. MULTIMETER 


REASON FOR QUESTION 
if this wire is open, the gauge 

will always read offscate to the 
left. 


POSSIBLE PROBLEMS 


OIL PRESSURE GAUGE 
SENDING UNIT 
WIRING 


2-342 


REFERENCE INFORMATION 


Replace hamess or repair wiring 


RESISTANCE AND CONTINUITY 
0-4,500 OHMS 
STE/CE-R TEST 91 


1. Connect RED clip and BLACK clip to the 
indicated terminals in the question. RED to 


the first, BLACK to the second. 
2. Start Test 91, 0-4,500 Ohms. 
3. Displayed reading is in ohms. Less than 


5 ohms is continuity. If the resistance is over 
4,500 ohms, STEACE-R displays .9.9.9.9. 


Replace harness or repair wiring 


Replace hamess or repair wiring (para-4-80)}. 


TM 9-2320-387-24-1 


INSTRUMENTS CIRCUIT 


DC VOLTAGE 0-45 VOLTS 
STEACE-R TEST 89 


1. Connect RED clip to the indicated test 
point, BLACK clip to negative or ground. 


2. Start Test 89, DC Volts. 


3. Displayed reading is in voits. 


BATTERY VOLTAGE 
MULTIMETER 


1. Set the voltmeter to a DC voits scale of at 
least 40 volts. 


2. Connect the RED lead to positive and the 
BLACK lead to negative. 


3. Be sure to read the correct scale. 


CONTINUITY (RESISTANCE) 
MULTIMETER 


1. Set the voltmeter to an ohms scale of about 
1,000 ohms. 


2. Connect the RED and BLACK leads to the 
connections stated in the question. 


3. Be sure to read the correct scale. Less than 
5 ohms indicates continuity. For an open 
circuit, the meter should peg full scale 

(needie all the way to the left). 


find) 
=) 4 
ey 
ay - 


i} 

{ 

\ pI 
‘ t 


[ __ ol. PRESSURE 
] SENDING UNIT 
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‘ TM 9-2320-387-24-1 


INSTRUMENTS CIRCUIT FROM H3 DIAGNOSTIC FLOWCHART 


| _KNowNNFo | LH TEST OPTIONS 
WIRING OK RECONNECT WIRE 27H AT THE 
OIL PRESSURE GAUGE. DISCON- 
NECT WIRE 36A AT THE OIL 
PRESSURE SENDING UNIT. 
WITH THE ROTARY SWITCH 
IN THE RUN POSITION, DOES REASON FOR QUESTION 
aie THE GAUGE READ OFF SCALE [| This will determine ifthe 


gauge can respond to an 
input signal. 


SENDING UNIT ABOVE 120 PSi (827 kPa)? 


REPLACE OIL 
(NO) PRESSURE 


| <=> GAUGE. 


TEST OPTIONS 


WITH THE ROTARY SWITCH IN 
THE RUN POSITION, SHORT WIRE 
36A TO ENGINE GROUND AT THE 
OIL PRESSURE SENDING UNIT. 
DOES THE GAUGE READ AT OR 
BELOW ZERO? 


REASON FOR QUESTION 


This will determine if the 
gauge can respond to an 
input signal. 


POSSIBLE PROBLEMS 


GAUGE 
SENDING UNIT 


(No) REPLACE OIL 
PRESSURE 
GAUGE. 
REPLACE OIL 
PRESSURE 
SENDING UNIT. 


2-344 


TM 9-2320-387-24-1 


REFERENCE INFORMATION INSTRUMENTS CIRCUIT 


Make sure wire 36A is not connected 
to the sending unit and is not touching 
anything metal that could cause the 
wire to be grounded. 


Replace oil pressure gauge[(pafa. 4-16). 


Wire 36A must be connected at the 
gauge. Short the wire at the sending 
unit to ground. 


Replace oil pressure gauge|(para. 4-76). 
Replace oil pressure sending unit[(para. 4-29). 


2-345 


TM 9-2320-387-24-1 


INSTRUMENTS CIRCUIT se 9 DIAGNOSTIC FLOWCHART 


Page 2-310 


TEST OPTIONS 


1. STE/ICE-R TEST 89 
(Page 2-506) 


POWER AVAILABLE TO 
THE GAUGES 

TEMPERATURE GAUGE 
DOESN'T WORK 


POSSIBLE PROBLEMS 


GAUGE 


DISCONNECT WIRE 27G AT THE 
TEMPERATURE GAUGE. WITH THE 
ROTARY SWITCH IN THE RUN 


2. MULTIMETER 


POSITION, DO YOU HAVE 
BATTERY VOLTAGE AT WIRE 27G? 


REASON FOR QUESTION 
This is the power wire for 


SENDING UNIT the gauge. 
WIRING 
REPAIR 27G OR 
(No) REPLACE 
HARNESS. 


[—wownneo 4] 2 


TEMPERATURE GAUGE WITH THE ROTARY SWITCH IN 
HAS POWER THE OFF POSITION, DO YOU 
HAVE CONTINUITY BETWEEN 
WIRE 58E AT THE GAUGE AND 
ENGINE (OR BODY) GROUND? 


TEST OPTIONS 


1. STE/ICE-R TEST 91 
(Page 2-508) 


2. MULTIMETER 


REASON FOR QUESTION 


This is the ground wire for 
the gauge. 


POSSIBLE PROBLEMS 


GAUGE 
SENDING UNIT 
WIRING 
REPAIR 58E OR 
(no) REPLACE 
HARNESS. 


TEST OPTIONS 


1. STE/ICE-R TEST 91 
(Page 2-508) 


KNOWN INFO 


GAUGE GROUND OK 


DISCONNECT WIRE 33A AT THE 
GAUGE AND AT THE WIRE 33B AT 
THE TEMPERATURE SENDING 

UNIT. DO YOU HAVE CONTINUITY 
FROM WIRE 33A TO WIRE 33B? 


2. MULTIMETER 


REASON FOR QUESTION 
if either of these wires are open, 
the gauge will always read off 

scale to the left. 


POSSIBLE PROBLEMS 


TEMPERATURE GAUGE 
SENDING UNIT 
WIRING 


REPAIR 33A, 33B 
OR REPLACE 
HARNESS. 


Ces) 


GO TO/4, 
2-346 Page 2-348 


REFERENCE INFORMATION 


Replace hamess or repair wiring (para. 4-80). 


Replace hamess or repair wiring((para. 4-80). 


Repiace hamess or repair wiring (Dara. 4-80). 


TM 9-2320-387-24-1 
INSTRUMENTS CIRCUIT 


DC VOLTAGE 0-45 VOLTS 
STEACE-R TEST 89 


1. Connect RED clip to the indicated test point, 
BLACK clip to negative or ground. 


2. Start Test 89, DC Volts. 


3. Displayed reading is in volts. 


CONTINUITY (RESISTANCE) 
MULTIMETER 


1. Set the voltmeter to an ohms scale of about 
1,000 ohms. 


2. Connect the RED and BLACK leads to the 
connections stated in the question. 


3. Be sure to read the correct scale. Less than 
5 ohms indicates continuity. For an open 
circuit, the meter should peg full scale 

(needle all the way to the left). 


RESISTANCE AND CONTINUITY 
0-4,500 OHMS 
STEACE-R TEST 91 


1. Connect RED clip and BLACK clip to the 
indicated terminals in the question. RED to 
the first, BLACK to the second. 


2. Start Test 91, 0-4,500 Ohms. 


3. Displayed reading is in ohms. Less than 5 
ohms is continuity. If the resistance is over 
4,500 ohms, STE/ICE-R displays .9.9.9.9. 


BATTERY VOLTAGE 
MULTIMETER 


1. Set the voltmeter to a DC volts scale of at least 
40 volts. 


2. Connect the RED lead to positive and the 
BLACK lead to negative. 


3. Be sure to read the correct scale. 


2-347 


TM 9-2320-387-24-1 


INSTRUMENTS CIRCUIT FROM [3 DIAGNOSTIC FLOWCHART 


| i | TEST OPTIONS 


RECONNECT WIRES 27G AND 33A § TRY". 
AT THE TEMPERATURE GAUGE. 
WITH THE ROTARY SWITCH IN 
THE RUN POSITION, DOES 

THE GAUGE READ OFF SCALE 
BELOW 120°F (49°C)? 


POSSIBLE PROBLEMS 


GAUGE 
SENDING UNIT 


REASON FOR QUESTION 
This will determine ff the 
gauge can respond to an 
input signal. 


REPLACE 
(NO) TEMPERATURE 
GAUGE. 


| 15 | TEST OPTIONS 


WITH THE ROTARY SWITCH IN TRY IT. 
THE RUN POSITION, SHORT WIRE 
33B TO ENGINE GROUND. DOES 
THE GAUGE READ OFF SCALE 
ABOVE 240°F (116° C)? 


POSSIBLE PROBLEMS 


GAUGE 
SENDING UNIT 


REASON FOR QUESTION 
This will determine #f the 
gauge can respond to an 
input signal. 


REPLACE 
(No) TEMPERATURE 
GAUGE. 
REPLACE 
TEMPERATURE 
SENDING UNIT. 


2-348 


TM 9-2320-387-24-1 


REFERENCE INFORMATION INSTRUMENTS CIRCUIT 


Make sure wire 33B is not connected to 
the sending unit and is not touching 
anything metal that could cause the wire 
to be grounded. 


Replace temperature gauge (para. 4-16). 


Repiace temperature gauge (Dara. 4-16). 
Repiace temperature sending uni{(pata. 4-28). 


2-349 


TM 9-2320-387-24-1 


INSTRUMENTS CIRCUIT DIAGNOSTIC FLOWCHART 


J 
FROM Al, 
Page 2-314 


DISCONNECT WIRE 11A AT THE 
ROTARY SWITCH. DO YOU HAVE 
0 VOLTAGE AT WIRE 298? 


TEST OPTIONS 


1. STE/ICE-R TEST 89 
(Page 2-506) 


POWER TO GAUGES 
WITH ROTARY SWITCH 
OFF 


2. MULTIMETER 


POSSIBLE PROBLEMS 


ROTARY SWITCH 
WIRING 


REASON FOR QUESTION 
If you disconnect the switch 

and still have power, the wiring 
is shorted. 


REPAIR 29B OR 
REPLACE 
HARNESS. 


KNOWN INFO 


WIRING OK 


POSSIBLE PROBLEMS 


ROTARY SWITCH 


REPLACE ROTARY 
SWITCH. 


TEST OPTIONS 


1. STE/ICE-R TEST 91 
(Page 2-508) 


WITH THE ROTARY SWITCH IN 
THE OFF POSITION, DO YOU 
HAVE CONTINUITY BETWEEN 
THE RUN AND START 
TERMINALS ON THE ROTARY 
SWITCH? 


2. MULTIMETER 


REASON FOR QUESTION 


Continuity with the switch off 
indicates a shorted switch. 


2-350 


TM 9-2320-387-24 -1 
REFERENCE INFORMATION INSTRUMENTS CIRCUIT 


DC VOLTAGE 0-45 VOLTS 
STE/ACE-R TEST 89 


1. Connect RED clip to the indicated test 
point, BLACK clip to negative or ground. 


Replace hamess or repair wiring[(para. 4-80). 2. Start Test 89, DC Volts. 


3. Displayed reading is in volts. 


BATTERY VOLTAGE 
MULTIMETER 


1. Set the voltmeter to a DC volts scale of at least 
40 volts. 


2. Connect the RED !ead to positive and the 
BLACK lead to negative. 


3. Be sure to read the correct scale. 


RESISTANCE AND CONTINUITY 


0-4,500 OHMS 
Replace rotary switch((para. 4-10). STEACE-R TEST 91 


1. Connect RED clip and BLACK clip to the 
indicated terminals in the question. RED to 
the first, BLACK to the second. 


2. Start Test 91, 0-4500 Ohms. 


3. Displayed reading is in ohms. Less than 
5 ohms is continuity. !f the resistance is over 
4,500 ohms, STE/ICE-R displays .9.9.9.9. 


CONTINUITY (RESISTANCE) 
MULTIMETER 


1. Set the voltmeter to an ohms scale of about 
1,000 ohms. 


2. Connect the RED and BLACK leads to the 
connections stated in the question. 


3. Be sure to read the correct scale. Less than 
5 ohms indicates continuity. For an open 

circuit, the meter should peg full scale (needle 
all the way to the left). 


REAR OF ROTARY SWITCH 
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TM 9-2320-387-24-1 


INSTRUMENTS CIRCUIT ae 3 DIAGNOSTIC FLOWCHART 


Page 2-338 


DISCONNECT WIRE 28A AT THE 
FUEL SENDING UNIT HARNESS. 
IS THERE CONTINUITY BETWEEN 
THE ENDS OF WIRE 28A AT THE 
FUEL GAUGE AND AT THE FUEL 
SENDING UNIT HARNESS? 


TEST OPTIONS 


WINDSHIELD WIPERS OK 1. STE/ICE-R TEST 91 


(Page 2-508) 


2. MULTIMETER 


REASON FOR QUESTION 


if the wire is OK, the sense line 
from the sending unit to the 
gauge is OK. 


POSSIBLE PROBLEMS 


FUEL GAUGE 
OIL PRESSURE GAUGE 
TEMPERATURE GAUGE 


(NO) REPAIR WIRE 28A. 
KNOWN INFO TEST OPTIONS 


1. STE/ICE-R TEST 91 
(Page 2-508) 


WINDSHIELD WIPERS OK IS THERE CONTINUITY BETWEEN 


WIRE 58C AT THE FUEL SENDING 
UNIT HARNESS AND BODY (OR 
ENGINE) GROUND? 


(no) REPAIR WIRE 
58C. 


2. MULTIMETER 


POSSIBLE PROBLEMS 


REASON FOR QUESTION 


If the wire is OK, the sending unit 
ground is OK. 


FUEL GAUGE 
OIL PRESSURE GAUGE 
TEMPERATURE GAUGE 


<3 


CHECK RESISTANCE ACROSS 
WIRE 28B & WIRE 58J AT THE 
FUEL SENDING UNIT HARNESS. 
IS THE RESISTANCE LESS THAN 
50 OHMS? 


(No) GO TO L4, 
CYES) Page 2-354 


TEST OPTIONS 


1. STE/ICE-R TEST 91 
(Page 2-508) 


KNOWN INFO 


WINDSHIELD WIPERS OK 


2. MULTIMETER 


REASON FOR QUESTION 


If the fuel sending unit is OK, 
it could have been bad 
connections. 


POSSIBLE PROBLEMS 


FUEL GAUGE 
OIL PRESSURE GAUGE 
TEMPERATURE GAUGE 


2-352 


REFERENCE INFORMATION 


The connector is located above the driveshaft 
toward the rear of the vehicle. 


Repair wiring [(para. 4-80). 


Repair wiring (para. 4-80). 


FULL 
HALF 
EMPTY 


TM 9-2320-387-24-1 


INSTRUMENTS CIRCUIT 


RESISTANCE AND CONTINUITY 
0-4,500 OHMS 
STEACE-R TEST 91 


1. Connect RED clip and BLACK clip to the 
indicated terminals in the question. RED to 
the first, BLACK to the second. 


2. Start Test 91, 0-4,500 Ohms. 
3. Displayed reading is in ohms. Less than 


5 ohms is continuity. If the resistance is over 
4,500 ohms, STE/ICE-R displays .9.9.9.9. 


CONTINUITY (RESISTANCE) 
MULTIMETER 


1. Set the voltmeter to an ohms scale of about 
1,000 ohms. 


2. Connect the RED and BLACK leads to the 
connections stated in the question. 


3. Be sure to read the correct scale. Less than 
5 ohms indicates continuity. For an open 
circuit, the meter should peg full scale (needle 

all the way to the left). 


FUEL LEVEL 
SENDING UNIT 


REAR OF LEFT 
\/ CYLINDER HEAD 


2-353 


TM 9-2320-387-24-1 


INSTRUMENTS CIRCUIT DIAGNOSTIC FLOWCHART 


FROM L3, 
Page 2-352 


DISCONNECT WIRES 288 & 58J 
FROM SENDING UNIT IN TANK. IS 
THERE CONTINUITY THROUGH 

EACH WIRE? 


TEST OPTIONS 


1. STE/ICE-R TEST 91 
(Page 2-508) 


GAUGE HAS POWER & 
GROUND 
GAUGE OK 


2. MULTIMETER 


POSSIBLE PROBLEMS 


REASON FOR QUESTION 


If these wires are not open, 
the fuel sending unit is bad. 


WIRING 
SENDING UNIT 


REPAIR WIRES 
288, 58J. 


REPLACE 
FUEL LEVEL 
SENDING UNIT. 


2-354 


TM 9-2320-387-24-1 


REFERENCE INFORMATION INSTRUMENTS CIRCUIT 
In order to reach these wires and the sending unit, you 
have to remove the fuel tank (Dara. 3-25). You may want RESISTANCE AND CONTINUITY 
to recheck the previous steps to be sure you didn't miss 0-4,500 OHMS 
anything before you proceed with this step. STE/ICE-R TEST 91 
Replace fuel level sending unit and repair wiring 1. Connect RED clip and BLACK clip to the | 
(paras. 4-32 and 4-80). . n 
: indicated terminals in the question. RED to 


the first, BLACK to the second. 


2. Start Test 91, 0-4,500 Ohms. 


3. Displayed reading is in ohms. Less than 
5 ohms is continuity. If the resistance is over 
4,500 ohms, STE/ICE-R displays .9.9.9.9. 


CONTINUITY (RESISTANCE) 
MULTIMETER 


1. Set the voltmeter to an ohms scale of about 
1,000 ohms. 


FUEL LEVEL 


SENDING UNIT 2. Connect the RED and BLACK leads to the 


connections stated in the question. 


REAR OF LEFT 
\W CYLINDER HEAD 3. Be sure to read the correct scale. Less than 
5 ohms indicates continuity. For an open 
Circuit, the meter should peg full scale 


(needie all the way to the left). 


FUEL LEVEL 
SENDING UNIT FUEL TANK 
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INSTRUMENTS CIRCUIT M DIAGNOSTIC FLOWCHART 
FROM F1, 
Page 2-334 


REMOVE CLEVIS PINS AND TILT 
WINDSHIELD FORWARD. WITH 
ROTARY SWITCH IN THE RUN 
POSITION, IS THERE BATTERY 
VOLTAGE AT CONTACT P ON THE 
BODY? 


POWER AVAILABLE TO 
GAUGES 

NO POWER AT WIPER 
MOTOR 


1. STE/ICE-R TEST 89 
(Page 2-506) 


2. MULTIMETER 


REASON FOR QUESTION 
These contacts provide power 
and ground connections to the 
wiper motor. 


POSSIBLE PROBLEMS 


WIRING 


REPAIR 27K OR 
REPLACE 
HARNESS. 


TEST OPTIONS 


KNOWN INFO | M2_| 


POWER TO CONTACT DO YOU HAVE CONTINUITY FROM 
CONTACT P ON THE WINDSHIELD 
FRAME TO WIRE 27 AT THE 

CONNECTOR? 


1. STE/ICE-R TEST 91 
(Page 2-508) 


2. MULTIMETER 


POSSIBLE PROBLEMS 


WIRING 


REASON FOR QUESTION 


These contacts provide power 
and ground connections to the 
wiper motor. 


REPAIR 27 OR 
(NO) REPLACE 
HARNESS. 
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REFERENCE INFORMATION INSTRUMENTS CIRCUIT 


DC VOLTAGE 0-45 VOLTS 
STE/ICE-R TEST 89 


1. Connect RED clip to the indicated test 
point, BLACK clip to negative or ground. 


Make sure these contacts are ciean. Otherwise, the 
wiper motor may not have power or ground. 


Replace hamess or repair wiring;(para.4-80). 2, Slant test SS,De vous: 


3. Displayed reading is in volts. 


BATTERY VOLTAGE 
MULTIMETER 


1. Set the voltmeter to a DC volts scale of at least 
40 volts. 


. Connect the RED lead to positive and the 
BLACK lead to negative. 


. Be sure to read the correct scale. 


RESISTANCE AND CONTINUITY 
Replace hamess or repair wiring((para. 4-80). 0-4,500 OHMS 
STE/ACE-R TEST 91 


. Connect RED clip and BLACK clip to the 
indicated terminals in the question. RED to 
the first, BLACK to the second. 


2. Start Test 91, 0-4,500 Ohms. 


3. Displayed reading is in ohms. Less than 
5 ohms is continuity. {f the resistance is over 
4,500 ohms, STE/ICE-R displays .9.9.9.9. 


FRONT OF VERICLE 


CONTINUITY (RESISTANCE) 
MULTIMETER 


1. Set the voltmeter to an ohms scale of about 
1,000 ohms. 


2. Connect the RED and BLACK leads to the 
connections stated in the question. 


3. Be sure to read the correct scale. Less than 
5 ohms indicates continuity. For an open 
circuit, the meter should peg full scale 
(needle all the way to the left). 


WINDSHIELD CONNECTOR 
AS VIEWED FROM ABOVE 
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INSTRUMENTS CIRCUIT seats: DIAGNOSTIC FLOWCHART 
Page 2-334 


TEST OPTIONS 


NO WIPER MOTOR 1. STE/ICE-R TEST 91 


REMOVE CLEVIS PINS AND TILT 

ew WINDSHIELD FORWARD. DO oct, 
YOU HAVE CONTINUITY FROM 2. MULTIMETER 
CONTACT G ON THE BODY-TO- 


BODY (OR ENGINE) GROUND? 


| POSSIBLE PROBLEMS _ PROBLEMS REASON FOR QUESTION 


These contacts provide power 
and ground connections to the 
wiper motor. 


WIRING 


REPAIR 57F OR 
(No) REPLACE 
HARNESS. 


TEST OPTIONS 


DO YOU HAVE CONTINUITY FROM | * ieletitll as 2 
CONTACT G ON THE WINDSHIELD ? 

FRAME TO WIRE 57 AT THE 
CONNECTOR? 


GROUND AT CONTACT 


2. MULTIMETER 


POSSIBLE PROBLEMS 


WIRING 


REASON FOR QUESTION 
These contacts provide power 
and ground connections to the 
wiper motor. 


REPLACE 
HARNESS. 


(No) REPAIR 57 OR 


2-358 


REFERENCE INFORMATION 


Make sure these contacts are clean. Otherwise, the 
wiper motor may not have power or ground. 


Replace hamess or repair wiring (para. 4-80). 


Replace hamess or repair wiring 
A FRONT OF VEHICLE A 


OOO 


WINDSHIELD CONNECTOR 
AS VIEWED FROM ABOVE 


TM 9-2320-387-24-1 


INSTRUMENTS CIRCUIT 


RESISTANCE AND CONTINUITY 
0-4,500 OHMS 
STEACE-R TEST 91 


1. Connect RED clip and BLACK clip to the 
indicated terminals in the question. RED to the 
first, BLACK to the second. 


2. Start Test 91, 0-4,500 Ohms. 


3. Displayed reading is in ohms. Less than 
5 ohms is continuity. If the resistance is over 
4,500 ohms, STE/ICE-R displays .9.9.9.9. 


CONTINUITY (RESISTANCE) 
MULTIMETER 


1. Set the voltmeter to an ohms scale of about 
1,000 ohms. 


2. Connect the RED and BLACK leads to the 
connections stated in the question. 


3. Be sure to read the correct scale. Less than 
5 ohms indicates continuity. For an open 
circuit, the meter should peg full scale (needie 

all the way to the left). 
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INSTRUMENTS CIRCUIT ss 40 DIAGNOSTIC FLOWCHART 
Page 2-312 


TEST OPTIONS 
VISUAL 


ELECTRICAL GAUGES OK 


INSPECT VACUUM HOSE FROM 
AIR FILTER HOUSING TO 
RESTRICTION GAUGE. IS THE 
LINE INTACT? 


(No) REPLACE HOSE. 


DOES THE GAUGE READ YELLOW | Nou cencuey cuceen 


| _KNowninro | [02 
WHEN VACUUM IS APPLIED TO THE HOSE TO TEST IT). 


VACUUM HOSE OK 
THE HOSE AND DOES IT HOLD 
THE READING? 


POSSIBLE PROBLEMS 


AIR RESTRICTION GAUGE 
VACUUM HOSE 


REASON FOR QUESTION 


if the line leaks, any pressure 
differential won't be seen by the 
gauge. 


POSSIBLE PROBLEMS 


AiR RESTRICTION GAUGE 


REASON FOR QUESTION 
This will check gauge operation. 
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REFERENCE INFORMATION INSTRUMENTS CIRCUIT 


AIR FILTER 


VACUUM LINE 
You can provide enough vacuum to 


operate the gauge by sucking on the hose. 


Replace vacuum hos¢((para._3-20). 


Replace air restriction gauge[[para._ 3-17). 


2-361 


TM 9-2320-387-24-1 


INSTRUMENTS CIRCUIT FR he i DIAGNOSTIC FLOWCHART 


Page 2-312 


REMOVE WIRE 27C FROM 
CIRCUIT BREAKER 1. WITH THE 
ROTARY SWITCH IN THE RUN 
POSITION, IS THERE BATTERY 
VOLTAGE AT WIRE 27C AT 
CIRCUIT BREAKER 1? 


TEST OPTIONS 


1. STE/ICE-R TEST 89 
(Page 2-506) 


AIR FILTER RESTRICTION 
GAUGE OK 
VACUUM TUBE OK 


2. MULTIMETER 


POSSIBLE PROBLEMS 


REASON FOR QUESTION 


WIRING Voltage here indicates that wiring 
SWITCH to the circuit breaker is OK. 
MOTOR 
t{RCUIT BREAKER 1 
nes pices s (wo) GO TO Q, 
Page 2-366 


<3 
Pe. 


WIRE 27C OK RECONNECT WIRE 27C. REMOVE 
WIRE 27D FROM THE HEATER 
FAN SWITCH. WITH THE ROTARY 
SWITCH IN THE RUN POSITION, 


IS THERE BATTERY VOLTAGE 
POSSIBLE PROBLEMS AT WIRE 27D? 


TEST OPTIONS 


1. STE/ICE-R TEST 89 
(Page 2-506) 


2. MULTIMETER 


REASON FOR QUESTION 
If you have voltage here, the 
circuit breaker and wiring to the 
switch is OK. 


WIRING 


SWITCH 
MOTOR 


CIRCUIT BREAKER 1 
PCB (No) GO TOR, 
Page 2-368 


KNOWN INFO 


WIRE 27C OK 
WIRE 27D OK 
CIRCUIT BREAKER 1 OK 


TEST OPTIONS 


RECONNECT WIRE 27D. REMOVE 
WIRE 400D FROM THE HEATER 
FAN MOTOR. WITH THE ROTARY 
SWITCH IN THE RUN POSITION 
AND THE HEATER FAN SWITCH 
ON HIGH, IS THERE BATTERY 
VOLTAGE AT WIRE 400D? 


1. STE/ICE-R TEST 89 
(Page 2-506) 


2. MULTIMETER 


REASON FOR QUESTION 


Voltage here indicates that wiring 
to the heater fan motor is OK. 


POSSIBLE PROBLEMS 


WIRING 
SWITCH 
MOTOR 
PCB 


(No) GOTOS, 
Page 2-370 


GO TO P4, 
2-362 Page 2-364 


TM 9-2320-387-24-1 


REFERENCE INFORMATION INSTRUMENTS CIRCUIT 


The easiest way to reach the circuit breaker is 
to remove the gauge panel screws and pull the 
panel out far enough to work with the wiring. 


DC VOLTAGE 0-45 VOLTS 
STE/ICE-R TEST 89 


1. Connect RED clip to the indicated test 
point, BLACK clip to negative or ground. 


2. Start Test 89, DC Volts. 


3. Displayed reading is in voits. 


BATTERY VOLTAGE 
MULTIMETER 


1. Set the voltmeter to a OC volts scale of at 
least 40 voits. 


ROTARY 
SWITCH 


2. Connect the RED iead to positive and the 
BLACK lead to negative. 


3. Be sure to read the correct scale. 


The heater motor is located directly in front of the 
passenger seat under the instrument panel, 
connected to the heating ducts. 


HEATER BLOWER 
SWITCH 
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INSTRUMENTS CIRCUIT DIAGNOSTIC FLOWCHART 
Page 2-362 


| Pa | TEST OPTIONS 


IS THERE CONTINUITY FROM een 
WIRE 57E AT THE HEATER FAN 
MOTOR-TO-BODY GROUND? 


WIRE 27C OK 

WIRE 27D OK 

CIRCUIT BREAKER 1 OK 
WIRE 400D OK 

SWITCH OK 


2. MULTIMETER 


POSSIBLE PROBLEMS 


REASON FOR QUESTION 


This wire provides the motor’s 
connection to ground. 


WIRING 
MOTOR 
PCB 


(No) GO TO T, 
Page 2-372 


Ces) 
PPS 


IF THE PROBLEM CONTINUES, 
REPLACE THE HEATER MOTOR. 
RETURN TO THE INSTRUMENTS 
TEST, PAGE 2-305. 


2-364 


REFERENCE INFORMATION 


TM 9-2320-387-24-1 


INSTRUMENTS CIRCUIT 


RESISTANCE AND CONTINUITY 
0-4,500 OHMS 
STE/ICE-R TEST 91 


1. Connect RED clip and BLACK ciip to the 
indicated terminais in the question. RED to 
the first, BLACK to the second. 


2. Start Test 91, 0-4,500 Ohms. 


3. Displayed reading is in ohms. Less than 
5 ohms is continuity. If the resistance is over 
4,500 ohms, STE/ICE-R displays .9.9.9.9. 


CONTINUITY (RESISTANCE) 
MULTIMETER 


1. Set the voltmeter to an ohms scale of about 
1,000 ohms. 


2. Connect the RED and BLACK leads to the 
connections stated in the question. 


. Be sure to read the correct scale. Less than 
5 ohms indicates continuity. For an open 
circuit, the meter should peg full scaie 

(needte all the way to the left). 
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INSTRUMENTS CIRCUIT a aa . : DIAGNOSTIC FLOWCHART 


Page 2-362 


TEST OPTIONS 


KNOWN INFO 


NONE 


1. STE/ICE-R TEST 89 
(Page 2-506) 


REPAIR/REPLACE WIRE 27C. 
WITH THE ROTARY SWITCH IN 
THE RUN POSITION, DO YOU 
HAVE BATTERY VOLTAGE AT 
WIRE 27C AT CIRCUIT 
BREAKER 1? 


2. MULTIMETER 


POSSIBLE PROBLEMS 


WIRE 27C 
PCB BODY 
CONNECTOR 


REASON FOR QUESTION 


Voltage here indicates that the 
wiring was bad, and the problem 
was solved. 


REPAIR/REPLACE 
BODY CONNECTOR 
HARNESS. 


RETURN TO P2, PAGE 2-362. 
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REFERENCE INFORMATION INSTRUMENTS CIRCUIT 


DC VOLTAGE 0-45 VOLTS 
STE/ICE-R TEST 89 


1. Connect RED clip to the indicated test 
point, BLACK clip to negative or ground. 


2. Start Test 89, DC Volts. 


3. Displayed reading is in votts. 


BATTERY VOLTAGE 
MULTIMETER 


1. Set the voltmeter to a DC volts scale of at least 
40 volts. 


Replace hamess or repair wiring[para_4-HO). 


2. Connect the RED lead to positive and the 
BLACK lead to negative. 


3. Be sure to read the correct scale. 
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INSTRUMENTS CIRCUIT n DIAGNOSTIC FLOWCHART 


FROM P2, 
Page 2-362 


KNOWN INFO | R1 | 


WIRE 270 OK IS THERE CONTINUITY FROM 
WIRE 27D AT THE HEATER FAN 
SWITCH TO WIRE 27D AT 

CIRCUIT BREAKER 1? 


TEST OPTIONS 


1. STE/ICE-R TEST 91 
(Page 2-508) 


2. MULTIMETER 


POSSIBLE PROBLEMS 


REASON FOR QUESTION 
Continuity indicates that the wire 
is OK, and the circuit breaker 
must be the problem. 


WIRE 27D 
CIRCUIT BREAKER 1 


REPAIR/REPLACE 
WIRE 27D. RETURN TO P3, 
Page 2-362 


REPLACE CIRCUIT BREAKER 1. 
RETURN TO P3, PAGE 2-362. 


2-368 


REFERENCE INFORMATION 


Replace hamess or repair wiring 


CONTINUITY (RESISTANCE) 
MULTIMETER 


TM 9-2320-387-24-1 


INSTRUMENTS CIRCUIT 


RESISTANCE AND CONTINUITY 
0-4,500 OHMS 
STEACE-R TEST 91 


1. Connect RED clip and BLACK clip to the 
indicated test points in the question. RED to 
the first, BLACK to the second. 


2. Start Test 91, 0-4,500 Ohms. 


3. Displayed reading is in ohms. Less than 
5 ohms is continuity. If the resistance is over 
4,500 ohms, STE/CE-R displays .9.9.9.9. 


1. Set the voltmeter to an ohms scale of about 
1,000 ohms. 


2. Connect the RED and BLACK leads to the 
connections stated in the question. 


3. Be sure to read the correct scale. Less than 
5 ohms indicates continuity. For an open 
circuit, the meter should peg full scale (needle 

all the way to the left). 
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INSTRUMENTS CIRCUIT Hicuee DIAGNOSTIC FLOWCHART 


Page 2-362 


TEST OPTIONS 


1. STEACE-R TEST 91 
(Page 2-508) 


WIRE 27C OK 
WIRE 27D OK 
CIRCUIT BREAKER 1 OK 


IS THERE CONTINUITY FROM 
WIRE 400D AT THE HEATER 


MOTOR TO WIRE 400D AT THE 2. MULTIMETER 


HEATER FAN SWITCH? 


REASON FOR QUESTION 


Continuity indicates that the wiring 
is OK, and the switch must be the 


POSSIBLE PROBLEMS 


WIRE 400D 


SWITCH 
problem. 
REPAIR/REPLACE 
(No) WIRE 400D. RETURN 


TO P4, Page 2-364 


eG 


REPLACE THE HEATER FAN 
SWITCH. RECONNECT ALL WIRES. 
RETURN TO P4, PAGE 2-364. 


2-370 


REFERENCE INFORMATION 


Repair wire or replace hamess|(para. 4-80). | 


Replace heater fan switch (para. 10-73). 


TM 9-2320-387-24-1 


INSTRUMENTS CIRCUIT 


RESISTANCE AND CONTINUITY 
0-4,500 OHMS 
STEACE-R TEST 91 


1. Connect RED clip and BLACK clip to the 
indicated test points in the question. RED to 
the first, BLACK to the second. 


2. Start Test 91, 0-4,500 Ohms. 


3. Displayed reading is in ohms. Less than 
5 ohms is continuity. If the resistance is over 
4,500 ohms, STE/ICE-R displays .9.9.9.9. 


CONTINUITY (RESISTANCE) 
MULTIMETER 


1. Set the voltmeter to an ohms scale of about 
1,000 ohms. 


2. Connect the RED and BLACK leads to the 
connections stated in the question. 


3. Be sure to read the correct scale. Less than 
5 ohms indicates continuity. For an open 

circuit, the meter should peg full scale (needle 
all the way to the left). 
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INSTRUMENTS CIRCUIT EA a DIAGNOSTIC FLOWCHART 


Page 2-364 @ 


TEST OPTIONS 


WIRE 27C OK 

WIRE 27D OK 

CIRCUIT BREAKER 1 OK 
WIRE 400D OK 

SWITCH OK 


1. STE/ICE-R TEST 91 
Page 2-508) 


DISCONNECT THE PCB BODY 
CONNECTOR. IS THERE 
CONTINUITY FROM WIRE 57E 


2. MULTIMETER 
AT THE HEATER MOTOR TO 


SOCKET D OF THE PCB BODY 
CONNECTOR HARNESS? 


POSSIBLE PROBLEMS 


REASON FOR QUESTION 
If there is continuity, the wiring 
is OK, and the PCB must be the 
problem. 


WIRE 57E 
PCB BODY 
CONNECTOR 


REPAIR 57E OR 
REPLACE HARNESS. 

RETURN TO P5, 
Page 2-364 


REPLACE THE PCB. RETURN TO 
P5, PAGE 2-364. 
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REFERENCE INFORMATION INSTRUMENTS CIRCUIT 


RESISTANCE AND CONTINUITY 
0-4,500 OHMS 
WARNING STEACE-R TEST 91 
Disconnect negative battery cable 


before disconnecting and 
reconnecting PCB harness. 


1. Connect RED clip and BLACK clip to the 
indicated terminals in the question. RED to 
the first, BLACK to the second. 


WARNING 2. Start Test 91, 0-4,500 Ohms. 
There is battery voltage at the PCB a : io ea 
all times. EF arr te eee : 3. Displayed reading is in ohms. Less than 
battery cable will result in damage to 5 ohms is continuity. If the resistance is over 


equipment or injury to personnel. 4,500 ohms, STE/ICE-R displays .9.9.9.9. 


Replace hamess or repair wiring[(para. 4-80). 


CONTINUITY (RESISTANCE) 
MULTIMETER 


1. Set the voitmeter to an ohms scale of about 
1,000 ohms. 


WARNING 


Disconnect negative battery cable 
before disconnecting and 
reconnecting PCB harness. 2. Connect the RED and BLACK leads to the 


connections stated in the question. 


WARNING 


There is battery voltage at the PCB 
at all times. Failure to disconnect 
battery cabie will result in damage to 
equipment or injury to personnel. 


Replace the PCB[(para. 4-4). 


3. Be sure to read the correct scale. Less than 
5 ohms indicates continuity. For an open 
Circuit, the meter should peg full scale 

(needie all the way to the left). 
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2-39. LIGHTS TESTS 


The lights tests have almost no flow chart to guide you through a problem.This is because 
there aren't very many probiems that can occur. The most common problems are burned-out 
bulbs and loose or corroded connections. Aside from bulbs and wiring, the only components 
are the Protective Control Box and the lights switch. If either of these is found to be faulty, you 
just replace the bad unit. On the following pages you will find diagrams of the major portions of 
the lights circuit. These are designed to help you isolate a problem without wasting too much 
time. 
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LIGHTS 


2-376 


LIGHTS WORK 


AT ALL? TEST OPTIONS: 


1. STEACE-R TEST 89 
(Page 2-5C€} 


BATTERY 
VOLTAGE AT 
SOCKET F OF 
LIGHTS SWITCH 
CONNECTOR 
HARNESS? 


2. MULTIMETER 


BATTERY 


PIN F OF 


FAULTY BODY 


LIGHTS 
SWITCH 


The following steps are not diagnostics. They are 
supposed to give you some simple checks before 


you try to change a wiring hamess that may be 
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1. Make sure that what you want to be on is supposed to be on. Check the 
switches (lights, high-low beam, etc.). 


2. Check the socket and connection(s) for corrosion, cracks, or loose parts. 
Repair or replace any damaged components. 


3. Try replacing the bulb that doesn't work with a bulb that you know works. 


. tf the connections look good and a known good bulb doesn't work, you have 
to start checking voltage and continuity. 
a) Check for battery voltage (STE/ICE-R TEST 89, Page 2-506) at the 
light socket; there may be a fault in the wiring hamess. 
b) Check for continuity to ground (STE/ICE-R TEST 91, Page 2-508) 
from the light socket; there may be a missing connection to ground. 


c) Go to the wiring diagram(s) for more help. 


wee eee SSS BAERS AS NSH SSeS MB Sa Kes aseseenaeecea= 


VOLTAGE AT 


PROTECTIVE 
CONTROL BOX 


CONNECTOR? 
(ON THE PCB) 


DIAGNOSTIC FLOWCHART 


TEST OPTIONS: 


1. STE/CE-R TEST 89 
(Page 2-506) 


2. MULTIMETER 


REPLACE 
PROTECTIVE 
CONTROL BOX, 


REPAIR/REPLACE For repair/replace 
WIRE 15A IN BODY CONNECTOR instructions, refer to 
WIRING HARNESS. [para 4-4) 


For repair/repiace 
instructions, notify 
DS maintenance 
(chapter 18). 


RESISTANCE AND CONTINUITY 
0-4,500 OHMS 
STEACE-R TEST 91 


1. Connect RED clip and BLACK clip to the 


indicated terminals in the question. 


WARNING 
Disconnect nefative battery cable 2. Start Test 91, 0-4,500 Ohms. 
before disconnecting and 
reconnecting PCB harness. 3. Displayed reading is in ohms. Less than 
5 ohms is continuity. If the resistance is over 
cA RE 4 -R displays .9.9.9.9. 
WARNING ,500 ohms, STE/ICE-R disp! ays 


There is battery voltage at the PCB at 
all times. Failure to disconnect battery 
cable will result in damage to 
equipment or injury to personnel. 


DC VOLTAGE 0-45 VOLTS 
STE/ICE-R TEST 89 


1. Connect RED clip to positive, BLACK clip to 
negative or ground. 


2. Start Test 89, DC Volts. 


3. Displayed reading is in volts. 


PCB BODY LIGHT SWITCH 
CONNECTOR CONNECTOR HARNESS 


TO MOVE SELECTOR SWITCH LEVER 
FROM OFF TO ANY ON POSITION EXCEPT B.O. MARKER, 
UNLOCK SWITCH MUST BE LIFTED TO UNLOCK, 


SERVICE DRIVE 


2-377 


TM 9-2320-387-24 -1 


LIGHTS 


s 
ny 
meee 


CHECK FOR 
CONTINUITY TO 
BATTERY NEGATIVE 
CABLE FROM THE 
STUDS AND STRAP. 
(STEACE-R TEST 91 
MULTIMETER) 


2-378 


SERVICE TAIL LAMP 


CHECK FOR BATTERY VOLTAGE AT 
THESE POINTS 
(STE/ICE-R TEST 89 OR MULTIMETER) 


460-461-22 
460-461-22 


SERVICE TURN SIGNAL AND 


STOP LAMP 


2 
2 
< 
wd 
< 
z 
S 
7] 
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P 
wi 
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a 
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wo 


BLACKOUT STOP LAMP 
BLACKOUT TAIL LAMP 
BLACKOUT TAIL LAMP 
BLACKOUT STOP LAMP 
SERVICE TAIL LAMP 


TO BODY GROUND 


WHEN CHECKING FOR VOLTAGE, MAKE SURE THAT THE LAMP YOU 
ARE CHECKING IS SUPPOSED TO BE ON (CHECK THE LIGHTS 
SWITCH, TURN SIGNAL SWITCH, TRANSMISSION, ETC.). 


CAUTION 


Disconnect negative battery cable prior to 
making continuity measurements. 


CHECK CONTINUITY TO BODY GROUND. 


REAR LIGHTS 


(NOT INCLUDING 
BACKUP LAMPS AND 
SIDE MARKERS) 


CHECK FOR 
CONTINUITY TO 
BATTERY NEGATIVE 
CABLE FROM THE 
STUDS AND STRAP. 
STEACE-R TEST 91 
R MULTIMETER) 
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BACKUP LAMPS AND LIGHTS 
REAR SIDE MARKERS 
CHECK FOR BATTERY VOLTAGE AT 
THESE POINTS 
(STE/ICE-R TEST 89 OR MULTIMETER) 
7 iw : , — 
Ve . BI 
$ / * g 
bi ¢ % 
4 BACKUP LAMPS KA 
Van Xx! 
LEFT RIGHT An 
LEFT SIDE RIGHT SIDE 
MARKER € i ei e) MARKER 
BYDP TOS ee wesw we se ees “AN | | | | | | 5, | | aQS ee eeee eee ewe ee eeeeees = 
CHECK FOR CONTINUITY 9 “A |g an g CHECK FOR CONTINUITY 
TO BATTERY NEGATIVE o 2 a7 Oo TO BATTERY NEGATIVE 
CABLE FROM THE STUD CABLE FROM THE STUDS 
AND STRAP. (STEACE-R AND STRAP. ( E-R 
TEST 91 OR MULTIMETER) TEST 91 OR MULTIMETER) 
TO BODY GROUND 
1. 


WHEN CHECKING FOR VOLTAGE, MAKE SURE THAT THE LAMP YOU ARE 


CHECKING IS SUPPOSED TO BE ON (CHECK THE LIGHTS SWITCH, TURN 
SIGNAL SWITCH, TRANSMISSION, ETC.). 


CAUTION 
Disconnect negative battery cabie prior to 
making continuity measurements. 

2. CHECK CONTINUITY TO BODY GROUND. 
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LIGHTS 


ro 
Ay 
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‘ “e 
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. « 
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CHECK FOR CONTINUITY 
TO BATTERY NEGATIVE 
CABLE FROM THE STUDS 
AND STRAP. (STEACE-R 
TEST 91 OR MULTIMETER) 
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FRONT LIGHTS 


(PARK LIGHTS, 
TURN SIGNAL LAMPS, 
BLACKOUT MARKERS) 


CHECK FOR BATTERY VOLTAGE AT 
THESE POINTS 
(STE/ICE-R TEST 89 OR MULTIMETER) 


a : 


483-484-20 


=, 
woe e 
woeet test 
- 


CHECK FOR CONTINUITY 
TO BATTERY NEGATIVE 
CABLE FROM THE STUDS 
ANDO STRAP. (STE/ICE-R 
TEST 91 OR MULTIMETER) 
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a a. 
S = 5 = 
e | E s 
O o O a 
a v 5 w 
> x Q x 
2 ¢ 3 - ¢ & 
awd 
< < = < = = 
z = z Ss = 
3 ¢ 8 S ¢ 2 
< x 2) 2 
Zo 2 s 4 
rs a QO ae x Oo 
S =< < c= « < 
ES of Fy Eo. ‘ff Fs) 


TO BODY GROUND 


WHEN CHECKING FOR VOLTAGE, MAKE SURE THAT THE LAMP YOU ARE 
CHECKING IS SUPPOSED TO BE ON (CHECK THE LIGHTS SWITCH, TURN 
SIGNAL SWITCH, TRANSMISSION, ETC.). 


Disconnect negative battery cabie prior to making 
continuity measurements. 


. CHECK CONTINUITY TO BODY GROUND. 
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FRONT LIGHTS | LIGHTS 


HEADLAMPS, 
BLACKOUT DRIVING 
LAMP, SIDE 
MARKERS 


CHECK FOR BATTERY VOLTAGE AT 


THESE POINTS 
(STE/ICE-R TEST 89 OR MULTIMETER) 
ow? ete 
> 4 %.. Ty 
NY, Ny, oy, 7 
yA IX xX OK 
Pay 
= oO WwW 
ee, = 
oe e 
: 4 
: 7 ‘ 
’ eee ‘ 
Tee Oe, = : CHECK FOR CONTINUITY 
‘ rad 
CHECK FOR CONTINUITY o Ss g S Ul TO BATTERY NEGATIVE 
To BATTERY NEGATIVE. < a a A s CABLE. (STE/ICE-R TEST 
: 2 < 9 
STORMULTIMETER)  § 2 Fe wi & "4 ia aac 
g Q Q mS = 
= i ee 7) uw 
ws E = Q 
ra) 5 ul = 7) 
7) 4 _ G = 
Fs} rd = 
—_—_— g 
wl o x 


BODY GROUND 


1. WHEN CHECKING FOR VOLTAGE, MAKE SURE THAT THE LAMP YOU ARE 
CHECKING IS SUPPOSED TO BE ON (CHECK THE LIGHTS SWITCH, TURN 
SIGNAL SWITCH, TRANSMISSION, ETC.). 


CAUTION 
Disconnect negative battery cable prior to 
making continuity measurements. 


2. CHECK CONTINUITY TO BODY GROUND. 
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LIGHTS 


2-382 


TURN SIGNAL SWITCH 


SWITCH DIAGRAM (OFF POSITION) 


SUMMARY OF CONNECTIONS: 
INA E 

A RIGHT FRONT TURN SIGNAL 460A 

B LEFT FRONT TURN SIGNAL 461A 

6 LEFT REAR TURN SIGNAL/STOP LAMP 22-461A 
D LIGHT SWITCH TERMINAL C 22A 

E RIGHT REAR TURN SIGNAL 22-460A 
F HAZARD/TURN SIGNAL FLASHER TERM.B  325B 

G LIGHT SWITCH TERMINAL J (24 VOLTS) 467B 

H HAZARD/TURN SIGNAL FLASHER TERM.A 325A 


CAUTION 
Disconnect negative battery cable prior to making 
continuity measurements. 
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TURN SIGNAL SWITCH | LIGHTS 


1. WITH THE SWITCH IN THE LEFT POSITION, YOU SHOULD HAVE CONTINUITY FROM PIN H TO PINS B AND 
C, PIND TOE, AND PINF TOG. 


2. WITH THE SWITCH IN THE RIGHT POSITION, YOU SHOULD HAVE CONTINUITY FROM PIN H TO PINS A AND E, 
PIN C TO D, AND PIN F TOG. 


LEFT TURN RIGHT TURN 


NOTE 


¢ IF VEHICLE IS EQUIPPED WITH BRAKE LIGHT OVERRIDE 
DIRECTIONAL SIGNAL CONTROL ASSEMBLY (P/N12339312-1), 
REFER TO STEP 3. 

¢ IF VEHICLE IS EQUIPPED WITH DIRECTIONAL SIGNAL 
CONTROL ASSEMBLY (P/N 12339312), REFER TO STEP 4. 


3. WITH SWITCH IN HAZARD POSITION, YOU SHOULD HAVE CONTINUITY FROM PIN H TO PINS A, B, C, D, AND 
E, AND PIN F TOG. 


4. WITH SWITCH IN HAZARD POSITION, YOU SHOULD HAVE CONTINUITY FROM PIN H TO PINS A, B, C, AND 
E, AND PIN F TOG. 


2-383/(2-384 blank) 
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2-40. TRANSMISSION SYSTEM TESTS 


NOTE 


When checking fault codes, note that low 
battery voltage can cause false fault codes to 
be set in TCM. 


The transmission system is equipped with a computer called the Transmission Control 
Module (TCM) (located left rear seat compartment) which interprets, analyzes and records 
electronic signals from sensors and switches located on the engine, brake pedal, and 
transmission. The recorded codes stored in the TCM are known as TROUBLE CODES which 
are retrieved using the diagnostic switch cable on the J2 connector of the TCM. The TCM 
can protect the transmission from damage by locking it in second gear, with maximum fluid 
pressure, until the problem has been corrected. The following procedures will detail 
diagnostic testing, troubleshooting, and corrective action for any existing faults. These 
transmission system tests may be run any time you think there is a transmission problem or if 
you were sent here by another test chain. This paragraph has a different kind of flow chart to 
guide you through testing because of the many problems that can occur. The most common 
problems are loose or corroded wiring connections. To troubleshoot the transmission, you 
will need a diagnostic switch cable (appendix B, item 81), digital multimeter (appendix B, item 
155) and a throttle position (TP) sensor test cable (appendix B, item 80). 


CAUTION 


Do not disconnect battery without recording 
trouble codes. Failure to do so will result in 
loss of diagnostic test codes. 


The Diagnostic Test Codes (DTC) are transmitted from the TCM to transmission lamp 
located next to the shift lever. When diagnostic switch cable is connected to the J2 
connector, the system is placed in the diagnostic mode, which causes the transmission lamp 
to flash. The transmission lamp will flash once, pause, flash twice (meaning code 12), pause, 
flash once, pause, flash twice (code 12 again), and do this one more time for a total of three 
times, which means the system is operational. 


NOTE 
Diagnostic test code 63 will be set at all times. 
For example, if the TCM is sending the trouble code 74, the lamp wiil flash 12 three times, 
flash 63 three times, which is set all the time and is to be disregarded, flash code 7 and 4, 7 


and 4, 7 and 4 for code 74, and then 12, 12, 12, which ends the diagnostic check. These 
codes will repeat again if not taken out of diagnostic mode. 


The TCM J1 connector will be used to diagnose and troubleshoot wiring, sensor connectors, 
pins, solenoids, and brake switch to ensure all external problems are checked and corrected 
prior to TCM and transmission faults. 


On the following pages you will find diagrams and charts of the major portions of the 
transmission circuits. These are designed to help you isolate a problem and correct it. 
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TRANSMISSION SYSTEM 


NOTHING 


POSSIBLE PROBLEMS 


FLUID 

SHIFTER 

TP SENSOR 
COOLING SYSTEM 
TRANSMISSION 


FLUID OK 


POSSIBLE PROBLEMS 


SHIFTER 

TP SENSOR 
COOLING SYSTEM 
TRANSMISSION 


FLUID OK 
BANDS AND CLUTCHES OK 
SHIFTER OK 


POSSIBLE PROBLEMS 


COOLING SYSTEM 
TP SENSOR 
TRANSMISSION 


2-386 


TEST OPTIONS 
VISUAL - SEE NOTE AT RIGHT. 


CHECK THE TRANSMISSION 
FLUID. IS IT OK ? 


REASON FOR QUESTION 
Transmission fluid level and 
appearance give a good 
indication of the system's 
condition. 


(No) SEE NOTE 
AT RIGHT. 


re 


TEST OPTIONS 


SEE PROCEDURE AT RIGHT. 


PERFORM THE ROAD TEST 
PROCEDURE AT RIGHT. DID THE 
VEHICLE PASS THE ROAD TEST? 


REASON FOR QUESTION 
Road testing the transmission 

is the easiest way to check the 
system. 


(No) GOTOA, 
Page 2-390 


TEST OPTIONS 


TRY IT (BE SURE NOT TO 
EXCEED ANY POSTED SPEED 
LIMITS). 


WITH THE VEHICLE COASTING IN 
4TH GEAR, FLOOR THE 
ACCELERATOR. DOES THE 
TRANSMISSION DOWNSHIFT? 


(No) GO TOB, 
Page 2-392 


REASON FOR QUESTION 


You want to check out the TP 
sensor. 


<3 


Page 2-388 


DIAGNOSTIC FLOWCHART 
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REFERENCE INFORMATION TRANSMISSION SYSTEM 


FILL TUBE DIPSTICK 
1. Start engine. : 
2. Hold down brake pedal and move transmission shift lever through all ranges including — 
reverse. Leave the lever in each range for 2 seconds. SS 
3. Engage parking brake and place shift lever in neutral. Check fluid level on dipstick. : ———— a 
4. Proper level is between FULL and ADD marks on dipstick. 


NOTE 
Check fluid for a burnt smell, grit, discoloration, air 
bubbles, or a milky appearance. 


* Burnt smell, discoloration, or grit indicates worn or damaged internal components. 
Notify DS maintenance (chapter 14). 

¢ Bubbles indicate an overfilled system or air leaks in the system. Drain the fluid and refill 
to proper level {para. 5-2). 

* Milky appearance is due to water in the system. Change the fluid and filter[(para. 5-2). 

* Check fill tube for indications of fluid being biown out. If fluid is being blown out, check 
vent line for obstructions, and refill transmission to proper level (Dara. 5-2). 


DIPSTICK 
MARKINGS 


Road Test Procedure 

1. Position shift lever in © (overdrive) and accelerate vehicle from 0 mph. A 1-2, 2-3, and 3-4 shift should occur at all 
throttie openings. Allow vehicle to coast down to about 0 mph; 4-3, 3-2, and 2-1 shifts should occur. 

2. Position transmission shift lever in D (drive) and accelerate vehicle from 0 mph. A 1-2 and 2-3 shift should occur at 
all throttle openings. Allow vehicle to coast down to about 0 mph; 3-2 and 2-1 shifts should occur. 

3. Position transmission shift lever in 2 (low two) and accelerate vehicle from 0 mph. A 1-2 shift should occur at ail 
throttle openings. No 2-3 shift can be obtained in this range. A 1-2 shift in 2 is somewhat firmer than in D. This is 
normal. 

4. Position shift lever in 1 and accelerate the vehicle from 0 mph. No upshifts should occur in this range. 

5. Position shift lever in ©, and with the vehicle speed at approximately 45 mph, close throttle and move lever to 3. 

Transmission should downshift to 3rd gear. An increase in engine rpm and engine braking effect should be 
noticed. ; 

6. Position shift lever in O, and with the vehicle speed at approximately 35 mph, close throttle and move lever to 2. 

Transmission should downshift to 2nd gear. An increase in engine rpm and engine braking effect should be 
noticed. 

7. Position shift lever 2 and, with the vehicle speed at approximately 25 mph, close the throttie and move lever to 1. 
Transmission should downshift to 1st gear. An increase in engine rpm and engine braking effect should be 
noticed. , 

8. Position shift lever in R and check for reverse operation. 

9. Hard shifting may be indicative of an underfilled or clogged system. 


The TP sensor is used to shift the transmission to a 
lower gear under heavy acceleration. 
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TRANSMISSION SYSTEM FROM 3 DIAGNOSTIC FLOWCHART 


| 4 | TEST OPTIONS 


SHUT THE ENGINE OFF. DOES eee 
THE TP SENSOR ROD MOVE AS 
YOU STEP ON THE 

ACCELERATOR? 


FLUID OK 

BANDS & CLUTCHES OK 
SHIFTER OK 

TP SENSOR OK 


REASON FOR QUESTION 
The TP sensor is needed for telling 


the transmission 

when to shift. 
REPAIR OR 

(No) REPLACE AS 

NECESSARY. 


TEST OPTIONS 


FLUID OK 

BANDS & CLUTCHES OK 
SHIFTER OK 

TP SENSOR OK 


INSPECT THE TRANSMISSION 
SYSTEM FOR LEAKS. IS 
EVERYTHING OK? 


REASON FOR QUESTION 
To see if anything is leaking. 


REPAIR OR 
(No) REPLACE AS 
NECESSARY. 
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REFERENCE INFORMATION TRANSMISSION SYSTEM 


Repair or replace TP sensor 


P 
SENSOR 
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TRANSMISSION SYSTEM FROM 2, DIAGNOSTIC FLOWCHART 


TEST OPTIONS 


TRANSMISSION FAILS 
ROAD TEST 


VISUAL 


DID THE VEHICLE MOVE AT ALL 
DURING THE ROAD TEST? 


POSSIBLE PROBLEMS 


SHIFTER 
TRANSMISSION 


REASON FOR QUESTION 
The failure could be in the 
drivetrain or in the 
transmission if the vehicle 
doesn't move. 


RUN THE DRIVE - 
TRAIN TESTS, 
(Para. 2-44). 
RETURN TO A2. 


TEST OPTIONS 
VISUAL 


TRANSMISSION FAILS 
ROAD TEST 
VEHICLE MOVES 


WITH THE VEHICLE OFF, MOVE 
THE GEARSHIFT. 1S THE SHIFTER 
WORKING PROPERLY? 


REASON FOR QUESTION 
Make sure the shifter is 

connected to and moving 
the transmission linkages. 


POSSIBLE PROBLEMS 


SHIFTER 
TRANSMISSION 


ADJUST OR 
REPAIR AS NEEDED. 
CONTINUE WITH A3. 


TEST OPTIONS 


SHIFTER OK 

FINAL DRIVE OK 

TRANSMISSION FAILS 
ROAD TEST 


POSSIBLE PROBLEMS 


TRANSMISSION 


WITH THE VEHICLE OFF, STEP 
ON THE THROTTLE. DOES THE 

TP SENSOR ROD MOVE AS YOU 
STEP ON THE THROTTLE? 
REASON FOR QUESTION 


The TP sensor tells the 
transmission when to shift. 


REPAIR OR 
REPLACE AS 
NECESSARY. 


SEE NOTE 
AT RIGHT. 
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REFERENCE INFORMATION 


If the drivetrain systern checks out OK, the 
problem is either the transmission itself, the 
shifter, or the modulator. The DRIVETRAIN 
tests are located if para. 2-43 of this manual. 


Make sure that the detents in the shifter 
correspond to the shift positions shown on 
the plate. Have an assistant move the shifter 
and look to see that the linkage is moving at 
the transmission. 


Linkage repair and adjustment procedures 


are located in 


Look for a TP sensor problem if the vehicle 
was not shifting, or was not shifting as well 
as it should be. 


Run the BRAKES and DRIVETRAIN tests in 
this manual. If you don't find any faults, notify 
DS maintenance (chapter 14). 


GEARSHIFT 
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TRANSMISSION SYSTEM 
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TRANSMISSION SYSTEM ae 4 DIAGNOSTIC FLOWCHART 
Page 2-386 
|___KNOWNINFo |_| BI 
Sine CONNECT DIAGNOSTIC SWITCH VISUAL 
SHIFTER OK CABLE TO THE TRANSMISSION 
CONTROL MODULE (TCM) J2 


CONNECTOR. DISCONNECT 
GLOW PLUG CONTROLLER. TURN 
VEHICLE IGNITION TO THE RUN 
POSITION. DOES TRANSMISSION 
CHECK LAMP STEADILY 
ILLUMINATE? 


POSSIBLE PROBLEMS 


TRANSMISSION 


REASON FOR QUESTION 
Transmisssion check lamp may 
be faulty. 


TEST OPTIONS 


NO LEAKS 
FLUID OK 
SHIFTER OK 


MULTIMETER 


CHECK VOLTAGE ON HARNESS 
LEADS TO TRANSMISSION CHECK 
LAMP. DID YOU GET: 

>12 V ON PIN 1 (CKT 657B)? 

0 V ON PIN 2 (CKT 657A)? 


POSSIBLE PROBLEMS 


TRANS*'SSION 


REASON FOR QUESTION 
Transmission check lamp or 
hamess leads may be faulty. 


REPLACE 
TRANS. CHECK 
LAMP 
(Para. 4-41). 


NO LEAKS 
FLUID OK 
SHIFTER OK 


SEE FLOWCHART AT RIGHT. 


POSITION SWITCH TO ON. DOES 
THE TRANSMISSION CHECK LAMP 
FLASH THREE CODE 12s 

INDICATING THE TCM IS CAPABLE 
OF DIAGNOSTICS? 


REASON FOR QUESTION 
Transmission check lamp must 

flash three code 12s indicating the 
TCM is capable at diagnostics. 


POSSIBLE PROBLEMS 


TRANSMISSION 


REFER TO 
(No) CHART AT 


RIGHT. 
Cres) 
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REFERENCE INFORMATION TRANSMISSION SYSTEM 


Will Not Display DTC Code 12, or Check Transmission ON Steady 


(NOTE: TRANSMISSION CHECK LAMP IS THE LAMP NEXT TO THE SHIFT LEVER MARKED “TRANS-ONLY’.) 
IGNITION ON, ENGINE OFF, AND GLOW PLUG 
CONTROLLER DISCONNECTED (PARA. 4-33). 
REMOVE DIAGNOSTIC SWITCH CABLE. INSTALL JUMPER 
CABLE BETWEEN PINS AAND E of J2 ON TCM ASS'Y. DIAGNOSTIC 


SWITCH 
CABLE 


NO DTC 12 DTC 12 FLASHES 
CHECK DIAGNOSTIC CABLE 
FOR OPEN AND REPAIR. 
READ CODES AND REMOVE 
JUMPER. 


IGNITION OFF. 
DISCONNECT TCM CONNECTOR. 
IGNITION ON. 


TRANS CHECK LAMP OFF TRANS CHECK LAMP ON 


REPAIR SHORT TO 
GROUND IN GKT 657A 
(PARA. 4-80). 


CONNECTOR CONNECTOR 


IGNITION OFF. 
DIAGNOSTIC TERMINAL 
NOT GROUNDED. 
RECONNECT TCM 
CONNECTOR. 

IGNITION ON AND 
ENGINE OFF. 

CONNECT PROBE PIN E 
ON J2 TO GROUND. 


NO DTC 12 DTC 12 FLASHES 
REPLACE DEFECTIVE TCM OPEN CKT PIN A Je. 
[PARA 4-45}, REPLACE TCM 


[PARA 4-45} 


NOTE: AFTER TROUBLESHOOTING, RECONNECT GLOW PLUG CONTROLLER. VEHICLE WILL HAVE TO BE OPERATED IN ORDER FOR TCM TO 
RECEIVE TROUBLE CODES. AFTER REPAIRS, CHECK TRANS LAMP OPERATION. 
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TRANSMISSION SYSTEM 


NO LEAKS 
FLUID OK 
SHIFTER OK 


POSSIBLE PROBLEMS 


TRANSMISSION 


2-394 


FROM B3, 
Page 2-392 


FOLLOWING THE CODE 12 
DISPLAYS, EACH STORED CODE 
WILL BE FLASHED THREE TIMES 
IN NUMERIC ORDER FROM 
LOWEST TO HIGHEST. WHEN ALL 
CODES HAVE BEEN DISPLAYED, 
THREE CODE 12s WILL FLASH 
AGAIN. TURN THE SWITCH OFF IF 
YOU DO NOT WISH TO REPEAT 
THE SEQUENCE. 


RECORD THE CODES AND REFER 
TO THE J1 CABLE DIAGNOSTICS 
CHART ON PAGES 2-402 THROUGH 
2-417 AND COMPLETE THE 
DIAGNOSTICS. REFER TO PAGE 
2-395 FOR DESCRIPTION OF 
TROUBLE CODES. 


IF CODE 51 SHOWS, REPLACE TCM 


DIAGNOSTIC FLOWCHART 


REFERENCE INFORMATION 
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TRANSMISSION SYSTEM 


The following chart will help you find the code you need. The J1 cable diagnostics checks must be 
performed. Always correct the lower code number first. If code 51 shows up, replace TCM (para. 4-45), operate 
vehicle, and recheck for trouble codes. 


TROUBLE CODE 
21 
22 
24 
28 
37 
38 
39 
51 
52 
53 
58 
59 
68 
69 
71 
73 
74 
is 
79 
81 
82 
83 
85 
86 
87 


CIRCUIT 

Throttle Position (TP) High 

Throttle Position (TP) Low 

Transmission Output Speed Sensor (TOSS) 
Transmission Range Pressure (TR) Switch 


Torque Converter Clutch (TCC) Brake Switch Stuck ON 


TCC Brake Switch Stuck OFF 

TCC Stuck OFF 

Transmission Control Module (TCM) 
System Voltage High Long 

System Voltage High 

Transmission Temperature High 
Transmission Temperature Low 
Transmission Component Slipping 
Torque Converter Clutch (TCC) Stuck ON 
Engine Speed Sensor Circuit Low 
Pressure Contro! Solenoid (PCS) Current 
Traneraission Input Speed Sensor (TISS) Circuit 
System Voltage Low 

Transmission Fluid Overtemp 

2-3 Shift Solenoid Circuit Fault 

1-2 Shift Solenoid Circuit Fault 

TCC Solenoid (PWM) Circuit Fault 
Undefined Ratio Error 

Low Ratio Error 

High Ratio Error 


PAGE NO. 


2-395 


TM 9-2320-387-24-1 


TRANSMISSION SYSTEM 


DTC 21/22 
Throttle Position (TP) Sensor Circuit High/ 
Throttle Position Sensor Circuit Low 


Circuit Description: 


The TP sensor contains a resistor strip with one end 
connected to a 5-volt supply and the other to ground. 
The signal is connected to a movable contact within 
the TP sensor. As the accelerator pedal is applied and 
the throttle shaft rotates, the voltage signal will 
increase from approximately 0.5 to 4.5 volts. 


DTC 21 Will Set When: 
e Engine is operating. 
e TP sensor signal voltage is greater than 4.9 volts. 
¢ Conditions are met for 1 second. 

DTC 22 Will Set When: 
e Engine is operating. 
¢ TP sensor signal voltage is less than 0.2 volt. 
¢ Conditions are met for 1 second. 


DTC 24 
Output Speed Sensor Signal 


Circuit Description: 


The output speed sensor is a magnetic induction-type 
sensor. Gear teeth pressed onto the output shaft 
induce an alternating voltage into the sensor. 


DTC 24 Will Set When: 
¢ Not in P/N. 
¢ Circuit voltage is constant. 
e Engine speed is greater than 3,000 rpm. 
¢ Output speed is less than 200 rpm. 
¢ TP is between 10% and 100%. 
¢ All conditions are met for 3 seconds. 
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REFERENCE INFORMATION 


DTC 28 
Transmission Range (TR) Pressure 
Switch Assembly (PSA) Fault 


Circuit Description: 


The Transmission Range (TR) Pressure Switch 
Assembly consists of five normally open pressure 
switches mounted on the valve body. The TCM 
supplies battery voltage to each range signal. By 
grounding one or more of these circuits through 
various combinations of the pressure switches, the 
TCM assembly detects what transmission range has 
been selected by the vehicle operator. When the 
transmission electrical connector is disconnected, the 
ground potential for the three range signals to the TCM 
will be removed and D2 gear will be indicated. 


DTC 28 Will Set When: 
e Range signals A and C are both zero volt. 
e Condition is met for 2 seconds. 


DTC 37/38 

Torque Converter Clutch (TCC) Brake 
Switch Stuck ON/ 

TCC Brake Switch Stuck OFF 


Circuit Description: 


The normally closed brake switch supplies a B+ 
signal volt when the TCC brake switch is closed 
(brake pedal not applied). 


DTC 37 Will Set When: 

Circuit 810B is open. | 

- Then vehicle speed is between 5 mph (8 kph) 
and 20 mph (32 kph) for greater than 6 
seconds. 

- Then vehicle speed is greater than 20 mph (32 
kph) for greater than 6 seconds. 

- For a complete total of 7 times. 


DTC 38 Will Set When: 
TCC brake switch feed CKT 810B has constant 
voltage. 

- Vehicle speed is greater than 20 mph (32 kph) 
for greater than 6 seconds. 

- Then vehicle speed is between 5 mph (8 kph) 
and 20 mph (32 kph) for greater than 6 
seconds. 

- For a complete total of 7 times. 


REFERENCE INFORMATION 


DTC 39 
TCC Stuck OFF 


Circuit Description: 


The TCM commands the TCC PWM solenoid ON by 
modulating TCC signal fluid acting on the converter 
clutch shift valve. Then TCC fluid applies the torque 
converter clutch: 


DTC 39 Will Set When: 
¢ TCC is commanded ON. 
¢ TCC slip speed greater than 65 rpm. 
¢ Trans range in D3 or D4. 
e 2nd or 3rd gear. | 
¢ All conditions are met for 2 seconds. 


DTC 51 
Transmission Control Module (TCM) 
Faulty or Incorrect 


Circuit description: 


The Transmission Control Module (TCM), an 
on-board computer, receives and processes 
input signals from sensors on the vehicle and 
delivers output signals to the solenoids located 
on the control valve assembly. These solenoids 
control the transmission operating pressures, 
upshift and downshift patterns and Torque 
Converter Clutch (TCC) operation. 


DTC 51 Will Set When: 


e There is an uncorrectable computational error, 
or an input is in error intermittently. 
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TRANSMISSION SYSTEM 


DTC 52/53 
System Voltage High Long/ 
System Voltage High 


Circuit Description: 


Ignition voltage is supplied to the control module to 
indicate the status of the ignition switch. Battery 
voltage is supplied to the control module to, in part, 
maintain memory of learned functions and parameters. 


DTC 852 Will Set When: 


e The ignition is ON and the system voltage is 
greater than 16 volts. 


© Condition is met for 109 minutes. 


DTC 53 Will Set When: 


* The ignition is ON and the system voltage 
is greater than 19.5 volts. 


¢ Condition is met for 2 minutes. 


DTC 58 

Transmission Fluid Temperature (TFT) 
Sensor Circuit Low 

(High Temperature Indicated) 


Circuit Description: 


The TFT sensor is a thermistor that controls the signal 
voltage to the TCM. The TCM supplies a 5-volt 
reference signal to the sensor on TWC pin L. When the 
transmission fluid is cold, the sensor resistance is high 
and the TCM will sense high signal voltage. 


As the transmission fluid temperature warms to 
normal transmission operating temperature 212°F 
(100°C), the sensor resistance becomes less and the 
voltage decreases to approximately 1.5 to 2.0 volts. With 
DTC 79 also set, check the transmission cooling system. 


DTC 58 Will Set When: 


¢ Signal voltage indicates TFT greater than 
304°F (151°C). 


¢ Condition is met for 1 second. 
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TRANSMISSION SYSTEM 


DTC 59 

Transmission Fluid Temperature (TFT) 
Sensor Circuit High 

(Low Temperature Indicated) 


Circuit Description: 


The TFT sensor is a thermistor that controls the 
signal voltage to the TCM. The TCM supplies a 
5-volt reference signal to the sensor on TWC pin L. 
When the transmission fluid is cold, the sensor 
resistance is high and the TCM will sense high signal 
voltage. 


As the transmission fluid temperature warms to 

normal transmission operating temperature 212°F 

(100°C), the sensor resistance becomes less and the 

voltage decreases to approximately 1.5 to 2.0 volts. 
DTC 59 Will Set When: 


¢ Signal voltage indicates TFT less than 
-34°F (-37°C). 


¢ Condition is met for 1 second. 


DTC 68 
Transmission Component Slipping 


Circuit Description: 


The TCM monitors the difference in engine 
speed and input speed. 


DTC 68 Will Set When: 


¢ TCC slip speed is greater than 200 rpm. 
¢ Fourth gear is indicated. 

¢ TCC is locked. 

e Not in park/neutral. 

¢ All conditions are met for 2 seconds. 


¢ Transmission range switch indicates D3 
or D4. 


¢ Commanded gear indicates 2nd or 3rd gear. 
e All conditions are met for 2 seconds. 
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DTC 69 
Torque Converter Clutch (TCC) Stuck ON 


Circuit Description: 


The TCM commands the TCC PWM solenoid ON by 
modulating TCC signal fluid acting on the converter 
clutch shift valve. Then TCC fluid applies the torque 
converter clutch. 


DTC 69 Will Set When: 


¢ TCC slip speed rpm indicates between -5 and 
+10 rpm. 


¢ TCC solenoid is commanded OFF. 
¢ TP sensor signal is greater than 25%. 


DTC 71 
Engine Speed Sensor Circuit Low 


Circuit Description: 


The Camshaft Position Sensor (CPS) detects the 
rotational speed of the camshaft. As the camshaft 
rotates, an AC signal is generated in the circuit. 
This signal provides the input to determine engine 
speed for use in various calculations including TCC 
slip speed and overdrive ratio. 


DTC 71 Will Set When: 
e Engine speed is less than 50 rpm. 
e Transmission range indicates R, D4, D3, or D1. 
¢ Conditions are met for 2 seconds. 


REFERENCE INFORMATION 


DTC 73 
Pressure Control Solenoid (PCS) Circuit 
Current Error (Force Motor Circuit) 


Circuit Description: 


The Pressure Control Solenoid (PCS) is a TCM- 
controlled device used to regulate transmission line 
pressure. The TCM compares TP voltage, engine rpm, 
and other inputs to determine the appropriate line 
pressure of a given load. The TCM will regulate the 
pressure by applying a varying amperage to the PCS. 
The applied amperage can vary from 0.1 to 1.1 amp. 
The TCM then monitors the amperage at the return 
line. 
DTC 73 Will Set When: 


e The return amperage varies greater than 
0.16 amp from the commanded amperage. 


e All conditions are met for 1 second. 


DTC 74 
Transmission Input Speed 
Sensor (TISS) Circuit 


Circuit Description: 


The Transmission Input Speed Sensor (TISS) 
consists of a permanent magnet surrounded by a 
coil of wire. As the forward clutch housing rotates, 
an AC voltage is induced in-the circuit. The signal 
voltage and frequency vary directly with the 
forward clutch rotational speed. 


DTC 74 Will Set When: 
e Transmission range is not in park or neutral. 
¢ Engine speed is greater than 300 rpm. 


¢ Transmission output speed is greater than 
200 rpm. 


¢ Transmission input speed less than 50 rpm. 
¢ All conditions are met for 2 seconds. 
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DTC 75 
System Voltage Low 


Circuit Description: 


Ignition voltage is supplied to the control module to 
indicate the status of the ignition switch. Battery 
voltage is supplied to the control module to, in part, 
maintain memory of learned functions and parameters. 


DTC 75 Will Set When: 

¢ The ignition is ON. 

¢ Ignition feed voltage to the control module is 
less than the graduated scale of: 
- -40°F (-40°C) = 7.3 volts. 
- 194°F (-90°C) = 10.3 volts. 
- 802°F (-150°C) = 11.7 volts. 

e Engine speed is greater than 1,000 rpm. 

¢ All conditions are met for 4 seconds. 


DTC 79 


Transmission Fluid Overtemp 
Circuit Description: 


The Transmission Fluid Temperature (TFT) sensor 
is a thermistor that controls the signal voltage to 
the TCM. The TCM supplies a 5-volt reference 
signal to the sensor on Circuit 923A. When the 
transmission fluid is cold, the sensor resistance is 
high and the TCM will sense high signal voltage. 


. As the transmission fluid temperature warms to 


normal transmission operating temperature 212°F 

(100°C), the sensor resistance becomes less and the 

voltage decreases to approximately 1.5 to 2.0 volts. 
DTC 79 Will Set When: 


e Transmission fluid temperature is greater 
than 295°F (146°C). 


e All conditions are met for 30 minutes. 
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DTC 81 
2-3 Shift Solenoid Circuit Fault 


Circuit Description: 


Ignition voltage is supplied directly to the 2-3 shift 
solenoid. The TCM controls the solenoid by providing 
the ground path through Circuit 315A to TCM. 


DTC 81 Will Set When: 


¢ The TCM commands the solenoid ON and 
voltage remains high. 


e The TCM commands the solenoid OFF and ° 


voltage remains low. 
e All conditions are met for 2 seconds. 


DTC 82 
1-2 Shift Solenoid Circuit Fault 


Circuit Description: 


Ignition voltage is supplied directly to the 1-2 shift 
solenoid. The TCM controls the solenoid by providing 
the ground path through Circuit 237A to TCM. 


DTC 82 Will Set When: 


¢ The TCM commands the solenoid ON and 
voltage remains high. 


¢ The TCM commands the solenoid OFF and 
voltage remains low. 


e All conditions are met for 2 seconds. 
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DTC 83 
TCC Solenoid (PWM) Circuit Fault 


Circuit Description: 


The control module supplies a ground through an 
internal Quad-Driver Module (QDM), allowing 
current to flow through the solenoid coil according 
to the duty cycle (percentage of ON and OFF time). 
This current flow through the solenoid coil creates 
a magnetic field that magnetizes the solenoid core. 
The magnetized core attracts the checkball to seat 
against spring pressure. This blocks the exhaust for 
the TCC signal fluid and allows 2-3 drive fluid to 
feed the TCC signal circuit. The TCC signal fluid 
pressure acts on the TCC regulator valve to 
regulate line pressure and to apply fluid pressure to 
the TCC shift valve. When the TCC shift valve is in 
the apply position, regulated applied fluid pressure 
is directed through the TCC valve to apply the 
torque converter clutch. 


DTC 83 Will Set When: 


¢ The TCM commands the solenoid ON and 
voltage remains high. 


¢ The TCM commands the solenoid OFF and 
voltage remains low. 


e All conditions are met for 2 seconds. 


REFERENCE INFORMATION 


DTC 85 
Undefined Ratio Error 


Circuit Description: 


The control module calculates ratio based on the 
transmission input speed and output speed sensor 
reading. The control module compares the known 
transmission ratio to the calculated ratio for the 
particular gear range selected. 


DTC 85 Will Set When: 
¢ Throttle position is greater than 25%. 
¢ Not in park, neutral, or 4th gear. 
¢ Engine speed is greater than 300 rpm. 
¢ Vehicle speed is greater than 7 ae (11 kph). 


e All conditions are met for 2 seconds. 


DTC 86 
Low Ratio Error 


Circuit Description: 


The control module calculates ratio based on the 
TISS and TOSS readings. The control module 
compares the known transmission ratio to the 
calculated ratio for the particular gear range 
selected. 


DTC 86 Will Set When: 
¢ Not in park, reverse, or neutral. 
e Engine speed is greater than 300 rpm. 
¢ Throttle position is greater than 25%. 
¢ Vehicle speed is greater than 7 mph (11 kph). 


¢ Transmission gear ratio is less than 1.06 in 
1st or 2nd gear. 


e All conditions are met for 2 seconds. 
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DTC 87 
High Ratio Error 


Circuit Description: 


The control module calculates ratio based on the TISS 
and TOSS readings. The control module compares the 
known transmission ratio to the calculated ratio for 
the particular gear range selected. 


DTC 87 Will Set When: 
e Throttle position is greater than 25%. 
e Not in park, reverse, or neutral. 


e Engine speed greater than 300 rpm. 
¢ Vehicle speed is greater than 7 mph (11 kph). 


¢ Transmission temperature is greater than 
68°F (20°C). 


e All conditions are met for 2 seconds. 
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NOTE 


¢ The following diagnostics will help isolate and 
repair problem circuits, wires, pins, connectors, 
sensors, circuit breakers, and solenoids. 


¢ For repair of all wiring, refer to para. 4-80) 
¢ Check connector pins before inserting probes. 


J1 CABLE DIAGNOSTICS CHART 


J1 Voltage Measurements With Ignition ON, Engine OFF 
and Glow Plug Controller Disconnected. Refer td Para, 4-34 


CKT NOM. CKT # PIN TO PIN EXP READ 


IGN PWR 291D aorb 12VDC No__Go to pg 2-404 
Battery Pos 537D Z aorb 12VDC No Go to pg 2-405 
Trans Lp 657A aorb LED Lights No__Go to pg 2-406 
Brake Sw 810B aorb 12V (Brake OFF) No Go to pg 2-407 


Brake Sw 810B aorb O (Brake ON) No Go to pg 2-407 


J1 


* Jumper wire from U to a orb. 


Reconnect Glow Plug Controller. Refer to[Para. 4-33] J1 Voltage 
Measurement With Ignition ON, Engine ON, Transmission in PARK. 


CKT NOM. CKT # PIN TO PIN EXP READ 


Engine rpm 349A h corp 0.3 volt 
min @ idle 


Go to pg 2-408 
NO__¢ Go to pg 2-416 
Press SWA Open wire Pg 


Press SWB 0 TO 1 ohm Go to pg 2-416 


Press SWC Open wire Go to pg 2-416 


2-402 


DIAGNOSTIC FLOWCHART 


NOTE 
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Check connector pins before inserting probes. 


J1 CABLE DIAGNOSTICS CHART (Cont'd) 


Ji Resistance Measurements With Ignition OFF 


CKT NOM. 


Battery Neg 
Battery Neg 
TPS 


TPS 


TISS 


TOSS 


TCC SOL 
SHIFT SOL A 
SHIFT SOL B 


FORCE MTR 


Trans Temp 
Sensor 


CKT # 


599A 


599B 


355A 


350A 


495A 
496A 


497A 
498A 


924A 


237A 


375A 


264A 
265A 


923A 


PIN TO PIN 


a 


Shunt 


Shunt 


corp 


corp 


corp 


EXP READ 


O ohm 
O ohm 
~ 1 to 2 Kohms 


4 to 6 Kohms 


1 to 2 Kohms 


1 to 2 Kohms 


~ 8-12 ohms 
~18 to 24 ohms 
~18 to 24 ohms 


3.5 to 5.2 ohms 


40 ohm to 5 Kohm 
(High Temp. — Low Resist.) 


No 


No 


No 


No 


No 


No 


No 


& 
e@ 
JS oH G Ff ¢£ 


e 
e 
6 
© 
@ 
a 


Go to pg 2-405 


Go to pg 2-405 


Go to pg 2-409 


Go to pg 2-409 


Go to pg 2-410 


Go to pg 2-411 


Go to pg 2-412 
Go to pg 2-413 
Go to pg 2-414 


Go to pg 2-415 


Go to pg 2-417 


Upon completion of J1 cable diagnostics, operate the vehicle and recheck for codes to ensure codes have 
cleared. If codes have not cleared, refer to DS maintenance (chapter 14). 
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IGNITION POWER 


Reset trans pwr CB 
and recheck voltage 
>12V? 


291D 


Check for >12V on 
trans relay pin 3 
(wire 290C/291C). 


DIAGNOSTIC FLOWCHART 


es 


(ves) Repair wire 290C/291C. 


Check run pwr 


© Repair wire (ves) CB for >24V 
29D/29T. (wire 29D). 


Check for >12V on 
trans relay pin 4 
(wire 290B/291B). 


Check trans pwr 
CB out for >12V 
(wire 290A/291A/537A). 


Repair wire 
290A/291A/537A. (No) 


Check trans pwr 
CB In for >12V 
(wire 290/291/537). 


Repiace CB Repair wire 290/29 1/537 
(para. 4-43). (para. 4-80). 


2-404 


Troubleshoot 
vehicle wiring. 


Check for >24V on 
wire 29T at trans relay 


(pin 2). 


Check for zero V (gnd) on 
wire 57T at trans relay (pin 1). 


Repair wire 57T 
(para. 4-80). 


Replace relay 
(para. 4-44). 
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BATTERY CIRCUIT 


Reset trans pwr CB 
and recheck voltage 
>12V. 


537D 


Check trans pwr 
CB out for >12V 
(wire 290A/291 A/537A). 


Repair wire 
290A/291 A/537A 
(para. 4-80). 


Check trans pwr 
CB In for >12V 
(wire 290/29 1/537). 


(No » Replace CB 
(para. 4-43). 

Repair wire 290/291/537 

(para. 4-80). 


VEHICLE GROUND CIRCUIT 


599A (10) Repair wire 599A/599C. (ves) (END) 
599B (No ) Repair wire 599B/599C. (ves) (Eno) 
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TRANSMISSION LIGHT CIRCUIT 


Check for >12V on pin 1 (wire 
657B) of harness connector at 
trans check lamp. 


657A 


Check for continuity on wire 657A 
from J1 pin U to pin 2 of hamess 


(ves) connector at trans check lamp. 
(No ) Repair wire 657B (No) (ves) 

(para. 4-80). 
Follow diagnostic 


procedure for pin j of J1 repair wire 657A Replace transmission 
to obtain >12V on wire (para. 4-80). check lamp 
291D. 


Check pin j of J1 
(wire 291D) for >12V. 


para. 4-41). 


Go to page 2-402. Does transmission check lamp light? 


Faulty TCM ground. 
Replace TCM 
(para. 4-45). 


Go to page 2-403. 
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BRAKE SWITCH CIRCUIT 


810B Check for following resistance 
across brake switch leads pins 
1 and 2 (wires 810A and 810B): 


0 Q — Brakes Off 

co 1) — Brakes On. 

(ves) Check for actuation of 
brake switch. 


Check for >12V on harness 
connector pin 1 (wire 810A) at (ves) Adjust stoplight switch 
(para. 4-60). 
Repair wire 8108 in ; 
hamess (para. 4-80). hey we le ow 


brake switch. 


NO 


Check pin j of J1 (wire 291D) for >12V. 


Follow diagnostic procedure Repair wire 810A 
for pin j of J1 to obtain >12V (para. 4-80). 


on wire 291D. 


Go to page 2-402. 
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ENGINE RPM SENSOR 


2- 408 


349A 


Check for continuity from pin h wire 349A 
of Ji to pin 1 wire 349B and check for 
continuity from p wire 359B of J1 to pin2 
wire 359F on engine harness connector 
to rpm sensor. 


Repair wire 349A/349B, 
Replace engine rpm and/or wire 359B/359F 
sensor (para. 4-37). (para. 4-80). 


Change 1 


Check resistance across pins 1 
and 2 of engine rpm sensor 
leads, approximately 150 ohms. 


DIAGNOSTIC FLOWCHART 


Replace engine rpm 
sensor (para. 4-37). 
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THROTTLE POSITION SENSOR 
CIRCUIT 


Check for continuity from pin s wire 
355A of J1 to pin B wire 355B of engine 
harness connector to TPS. 


Repair wire 355A/355B 
(para. 4-80). 


Check for continuity from pin c wire 
359A of J1 to pin C wire 359H of 
engine harness connector to TPS. 


Repair wire 359A/359H 


(para. 4-80). 


Check for continuity from pin d wire 
350A of J1 to pin A wire 350C of engine 
harness connector to TPS. 


350A 


Repair wire 350A/350C 
(para. 4-80). 


Vehicle wiring is ok. Proceed to the TP 
sensor adjustment procedure in para. 


4-46 to determine whether the TP 
sensor or the adjustment is faulty. 
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TRANSMISSION INPUT SPEED 
SENSOR (TISS) CIRCUIT 


NOTE 
If reading from J1 diagnostics chart is above limit, perform high 
resistance - below limit, perform low resistance. 


. HIGH RESISTANCE 


495A _| Check Transmission Input Speed Sensor 
496A | connector and pins for continuity. 
(ves Repair pin(s) or connector 
(para. 4-80). 


Check continuity of wire 495A on J1 pin m to 
transmission input speed connector pin a, 

and check continuity of wire 496A on J1 pin n 
to transmission input speed connector pin b. 


Repair wire 495A, 
and/or wire 496A 


(para. 4-80). 


Check resistance of Transmission Input 
Speed Sensor and pins A and B (TISS) 1 
Kohm to 2 Kohms Q. 


LOW RESISTANCE 


Replace TISS 
(para. 4-47). 
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TRANSMISSION OUTPUT SPEED 
SENSOR (TOSS) CIRCUIT 


NOTE 
If reading from J1 diagnostics chart is above limit, perform high 
resistance - below limit, perform low resistance. 


HIGH RESISTANCE 


497A _ j| Check Transmission Output Speed 
498A | Sensor connector and pins for continuity. 


Disconnect and check continuity of wire 495A 
on J1 pin S to transmission output speed 
connector pin A, and check continuity of wire 
498A on J1 pin R to transmission output 
speed connector pin B. 


Repair pin(s) or connector 
(para 4-80). 


Repair wire 497A, 
and/or wire 498A 
(para. 4-80). 


Check resistance of Transmission Output 
Speed Sensor and pins A and B (TOSS) 
_ 1 Kohm to 2 Kohms Q. 


LOW RESISTANCE 
Disconnect TOSS and check continuity between 
pins M and N at J1. 


Replace TOSS 
(para. 4-47). 


Replace TOSS 
(para. 4-47) 


Repair wire 497A/498A 
(para. 4-80). 
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TORQUE CONVERTER CLUTCH 
SOLENOID CIRCUIT 


HIGH RESISTANCE 


Disconnect transmission connector from 
transmission. Check continuity from 
J1 pin X to transmission connector pin S. 


(vs) (e 30 
Check continuity from J1 pin j to 
transmission connector pin E. 
(ves) Repair wire 290D/291D 
(para. 4-80). 


Refer to DS maintenance (chapter 14). 


Repair wire 924A J1 pin X to 
transmission connector pin S 


(para. 4-80). 


924A 


LOW RESISTANCE 


Disconnect transmission connector 
from transmission. Check continuity 
from J1 pin X to J1 pin j. 


Refer to DS maintenance (chapter 14). 


Repair wires 924A, 290D, 


and 291D (para. 4-80). 
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1-2 SHIFT SOLENOID CIRCUIT SHIFT 


SOLENOID A 


237A 


HIGH RESISTANCE 
Check continuity from J1 pin E to (No ) 
transmission connector pin A. 
(ves) Repair wire 237A 
(para. 4-80). 
Check continuity from J1 pin j to 
transmission connector pin E. 
Repair wire 291D/290D 
Cs) — 


Refer to DS maintenance (chapter 14). 


LOW RESISTANCE 


Disconnect transmission connector 
from transmission. Check continuity 
from J1 pin E to J1 pin j. 


Refer to DS maintenance (chapter 14). 


Repair wires 237A, 290D, 
and 291D (para. 4-80). 
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2-3 SHIFT SOLENOID CIRCUIT SHIFT 
SOLENOID B 


HIGH RESISTANCE 


375A Check continuity from J1 pin D to (No) 
transmission connector pin B. 
(ves) Repair wire 375A 
(para. 4-80). 
Check continuity from J1 pin j to 
transmission connector pin E. 
Repair wire 291D/290D 
(ves) (para. 4-80). 
Refer to DS maintenance (chapter 14). 


LOW RESISTANCE 


Disconnect transmission connector 
from transmission. Check continuity 
from J1 pin D to J1 pin j. 


Refer to DS maintenance (chapter 14). 


Repair wires 375A, 290D, 
and 291D (para. 4-80). 
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PRESSURE CONTROL SOLENOID CIRCUIT 
FORCE MOTOR HIGH 


264A 
265A 


HIGH RESISTANCE 


Check continuity from J1 pin g to (No) 
transmission connector pin C. 


(ves) Repair wire 264A 
(para. 4-80). 
Check continuity from J1 pin k to 
transmission connector pin D. 
Repair wire 265A 
(ves) (para. 4-80) 


Refer to DS maintenance (chapter 14). 


LOW RESISTANCE 


Disconnect transmission connector 
from transmission. Check continuity 
from J1 pin g to J1 pin k. 


Refer to DS maintenance (chapter 14). 


Repair short between 
wire 264A and wire 265A. 
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TRANSMISSION RANGE PRESSURE 
SWITCH, CIRCUIT PRESSURE SWITCH A 


Disconnect the transmission connector 
from transmission. Check continuity from 
J1 pin A to chassis ground at shunt. 


Refer to DS 
maintenance 
(chapter 14). 


Repair short to ground in wire 765A 
(para. 4-80). 


TRANSMISSION RANGE PRESSURE 
SWITCH, CIRCUIT PRESSURE SWITCH B 


Disconnect the transmission connector 
from transmission. Check continuity from 
J1 pin B to chassis ground at shunt. 


Refer to DS 
maintenance 
(chapter 14). 


TRANSMISSION RANGE PRESSURE 
SWITCH, CIRCUIT PRESSURE SWITCH C 


Disconnect the transmission connector 
from transmission. Check continuity from 
J1 pin C to chassis ground at shunt. 


Refer to DS 
maintenance 
(chapter 14). 


Repair short to ground in wire 


764A (para. 4-80). 
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TRANSMISSION TEMPERATURE SENSOR 


The Transmission Temperature Sensor (TTS) is a thermistor. The resistance decreases as the 
temperature increases. At 68°F (20°C), the resistance should be from 2,980 to 4,020 ohms. At 248°F 


(120°C), the resistance should be 90 to 111 ohms. 


RESISTANCE TOO LOW 


Disconnect transmission connector 


from transmission. Check continuity (ves) 


from J1 pine to J1 pinc. 
Repair short from wire 923A 
(No » to wire 359A/B/C/D 
(para. 4-80). 


Check continuity from J1 pin e to chassis ground. (ves) 


(No ) Repair wire 923A 
(para. 4-80). 
; Refer to DS maintenance (chapter 14). 


923A 


RESISTANCE TOO HIGH 


Disconnect transmission connector from transmission. Check 
continuity from J1 pin e to transmission connector pin L. 


Repair break in wire 923A 
’ 
Check continuity from J1 pin c to transmission connector pin M. (Ho ) 
(ves) Repair break in wire 359A/B/C/D 
(para. 4-80). 
Refer to DS maintenance (chapter 14). 
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These brake system tests may be run any time you think you have a braking problem or if you 
were sent here by another test chain. Just follow the path, answering the questions. Additional 
information and notes are given on the facing page when necessary. 


Fold-out page FP-23]may be left open for reference while testing. 


NOTE 
* The brake lights and the parking brake warning lamp are not 
diagnosed here. If you are having trouble with these parts and 
you are sure the brakes are OK, go to Instruments, 
for the warning lamp or lights; jpage 2-376 for the brake lights. 


* When parking brake handle is pulled, the parking brake is 
applied to the left and right rear brake service rotors. 


Change 1 2-419 
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TEST OPTIONS 


TEST PARKING BRAKE USING 
PROCEDURE AT RIGHT. 


DOES THE VEHICLE REMAIN 
STATIONARY USING THE 
PROCEDURE AT THE RIGHT? 
(DOES THE PARKING BRAKE 
WORK?) 


POSSIBLE PROBLEMS 


PARKING BRAKES 
SERVICE BRAKES 
HYDRAULIC SYSTEM 


TIRE PRESSURE (No) GO TO A, 
Page 2-422 


PARKING BRAKE OK 


REASON FOR QUESTION 
A working parking brake is 
necessary for safety. 


TEST OPTIONS 


TEST SERVICE BRAKES USING 
PROCEDURE AT THE RIGHT. 


DO THE SERVICE BRAKES 
PASS THE ROAD TEST 
PROCEDURE AT THE RIGHT? 


REASON FOR QUESTION 
It is impossible to operate a 
vehicle safely if the service 
brakes don't work well. 


POSSIBLE PROBLEMS 


TIRE PRESSURE 
SERVICE BRAKES 
HYDRAULIC SYSTEM 


(No) GO TOB, 
Page 2-424 


<3 
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WARNING 


Make sure the area is clear of 
personne! and obstacles prior to 
performing this test. Failure to do so 
may result in serious injury. 


ARKING BRAKE TEST RE: 


1. Depress service brake pedal and start engine. 

2. Place transmission shift lever in D (drive) and transfer 
case shift lever in H (high). 

3. Apply parking brake. Slowly let up on service brake 
pedal. Vehicle should remain stationary. 


| RA A 


1. On an open, smooth, fiat surface, accelerate to a 
steady, reasonable, safe speed (below posted limits). 


2. Apply pressure on the brake pedal and bring the 
vehicle to a stop. 


3. Repeat this procedure several times, applying a 
different brake pedal pressure each time. Look for 
the following symptoms, which may indicate a 
problem with the service brakes: 


1) Spongy or pulsating brake pedal. 

2) Incomplete brake pedal return. 

3) Excessive pull to one side. 

4) Unusually long braking distance. 

5) Front wheels lock up before rear wheels. 

6) Brake warning light comes on while braking. 

7) A squealing, grinding, or chattering noise while 
braking. 
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FROM 1, 


Page 2-420 


TEST OPTIONS 


PARKING BRAKE 
INOPERATIVE 


SEE TEST PROCEDURE AT 
RIGHT. 


HAVE YOU TRIED ADJUSTING 
THE PARKING BRAKE? 


POSSIBLE PROBLEMS 


PADS 
CALIPER 
ROTOR 


CABLE 
BRAKE LEVER (No) 


REASON FOR QUESTION 
Parking brake may not be 
broken; it may just need 
adjustment. 


TRY ADJUSTING 
THE PARKING 
BRAKE. 


TEST OPTIONS 


PARKING BRAKE 
INOPERATIVE 


VISUAL 


ARE THE PARKING BRAKE 
PADS, CALIPER, ROTOR, AND 
CABLE IN GOOD WORKING 

ORDER? 


REASON FOR QUESTION 
If there is a problem with any 
one of these components, the 
parking brake will not work 

properly. 


POSSIBLE PROBLEMS 


PADS 
CALIPER 
ROTOR 
Piel REPLACE/ 
BRAKE LEVER , (No) REPAIR BAD 


COMPONENTS. 


TEST OPTIONS 


PARKING BRAKE 
INOPERATIVE 
PADS OK 
CALIPER OK 
ROTOR OK 
CABLE OK 


OPERATE PARKING BRAKE 


iS THE PARKING BRAKE FOR VISUAL INSPECTION. 
SHIFTING LINKAGE IN GOOD 


WORKING ORDER? 


REASON FOR QUESTION 
If the linkage is broken or binding, 
the parking brake will not function 
property. 


POSSIBLE PROBLEMS 


PARKING BRAKE LEVER 
AND LINKAGE 


(No) REPAIR/REPLACE 


LINKAGE. 
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PARKING BRAKE ADJUSTMENT: 
A. Chock wheels and release parking brake ADJUSTMENT KNOB 
handle. 


B. Tum adjusting knob at the tip of the brake 
handie clockwise as tight as possible by 
hand. 

C. Apply parking brake handle. 


- D. ff parking brake cannot be applied, turn 
adjusting knob counterclockwise until 
parking brake can be applied. 


E. Test parking brake. 


WARNING 


Make sure the area is clear of 
personnel and obstacles prior to 
performing this test. Failure to do so 
may result in serious injury. 


(1) Remove chocks. 

(2) Depress service brake pedal and start 
engine. 

(8) Place transmission shift lever in D (drive) 
and transfer case shift lever in H (high). 

(4) Apply parking brake and slowly let up on 
service brake pedal. Vehicle should 
remain stationary. 


Replace or repair parts (para. 7-1). agi ol rigs 


PARKING BRAKE 


Repair or replace linkage[{(para. 7-19). 


PARKING BRAKE 
CALIPER 
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TEST OPTIONS 


PARKING BRAKES OK 


VISUAL 


IS THE FLUID IN THE MASTER 
CYLINDER FREE OF 

CONTAMINATION AND FILLED 
TO THE PROPER LEVEL? 


POSSIBLE PROBLEMS 


SERVICE BRAKES 
HYDRAULIC SYSTEM 


REASON FOR QUESTION 


Contaminants in fiuid or low 

fluid level decreases braking 
efficiency, resulting in little or 
no braking action. 


FILL/FLUSH 
SYSTEM WITH CLEAN 
BRAKE FLUID. 


TEST OPTIONS 


PARKING BRAKE OK 
FLUID CLEAN AND FULL 


IS THE MASTER CYLINDER 1 VISHAL 


WORKING PROPERLY AND 


2. FOLLOW TEST PROCEDURE 
FREE OF LEAKS? 


AT THE RIGHT. 


POSSIBLE PROBLEMS 


REASON FOR QUESTION 
A leaky or maifunctioning 
master cylinder cannot 


BRAKE COMPONENTS 
HYDRAULIC 


produce sufficient braking 
COMPONENTS forces to safely stop the 
MECHANICAL ; (No) REPLACE vehicle. 
COMPONENTS MASTER 
CYLINDER. 


TEST OPTIONS 


VISUAL CHECK FOR LEAKS, 
DAMAGE, BINDING, KINKING, 
ETC. 


PARKING BRAKE OK 
MASTER CYLINDER OK 


ARE THE BRAKE LINES, 
HYDRAULIC LINES, AND 
CALIPER PISTON SEALS FREE 
OF EVIDENCE OF LEAKING 
AND STRUCTURAL DAMAGE? 


POSSIBLE PROBLEMS 


BRAKE COMPONENTS 
HYDRO-BOOSTER 
MECHANICAL 
COMPONENTS REPLACE 
(No) LEAKING LINES 
AND SEALS. 


REASON FOR QUESTION 
If the braking system is losing fluid, 
stopping distances will increase 
until the brakes fail due to lack 

of fiuid and fluid pressure. 


GO TO B4, 
Page 2-426 


2-424 


TM 9-2320-387-24-1 


REFERENCE INFORMATION BRAKE SYSTEM 


MASTER CYLINDER 
COVER 


‘Flush and bleed the brake system((para- 7-2). 


MASTER CYLINDER 


r cylinder 


1. With the engine off, pump the brake pedal 
six or seven times, or until the pedal 
becomes noticeably stiffer and harder to 
depress. 


2. Press hard on the brake pedal. If the pedal 
keeps going down to the floor, either the 
master cylinder is bad or there is a leak in 
the hydraulic system. 


Replace master cylinder[(para. 7-5)] 


Check the individual lines going to each 
brake. Check the supply and retum lines to 
the hydro-booster unit. Replace brake line 


NOTE 
Brake hydraulic system must be bied of air 
whenever hydraulic lines are broken. PISTON SEAL St 


~ 
Bleed service brake [(para. 7-2)) 
PISTON 


DUST BOOT 


2-425 
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BRAKE SYSTEM abu DIAGNOSTIC FLOWCHART 
Page 2-424 


TEST OPTIONS 


PARKING BRAKE OK 
MASTER CYLINDER OK 
NO VISIBLE LEAKS 


VISUAL 


ARE THE BRAKE PADS FREE 
FROM CONTAMINATION, DIRT, 
DISTORTION, AND EXCESSIVE 
WEAR? 


POSSIBLE PROBLEMS 


BRAKE PADS 
CALIPERS 
ROTORS 
PROPORTIONING VALVE 
HYDRO-BOOSTER (no) 
MECHANICAL 

COMPONENTS 


REASON FOR QUESTION 
Dirty, bent, or thin brake pads 
could cause problems such as 
noisy brakes, erratic braking, or 
excessive peda! pressure. 


REPLACE PADS IN 
PAIRS (FRONT OR 
REAR). 


TEST OPTIONS 


PARKING BRAKE OK VISUAL 
MASTER CYLINDER OK 


BRAKE PADS OK 


ARE THE FOUR SERVICE BRAKE 
ROTORS FREE FROM HEAVY 
SCORING, EXCESSIVE WEAR, 
WARPING, HEAT-SPOTTING, 
GLAZING, AND CHIPPING? 


REASON FOR QUESTION 
Damaged rotors reduce 
braking ability and speed up 
brake failure due to 
excessive heat buildup. 


POSSIBLE PROBLEMS 


ROTORS 
CALIPERS 
PROPORTIONING VALVE 


HYDRO-BOOSTER : (No) REPLACE BAD 
MECHANICAL ROTORS 
COMPONENTS 


TEST OPTIONS 


TRY TO ROTATE ROTORS WHILE 
WHEELS ARE RAISED. 


PARKING BRAKE OK 
MASTER CYLINDER OK 
BRAKE PADS OK 


DO THE FOUR SERVICE BRAKE 
ROTORS ROTATE FREELY? 


POSSIBLE PROBLEMS 


ROTORS BINDING 
CALIPERS BINDING 
PROPORTIONING VALVE 


HYDRO-BOOSTER 
MECHANICAL (No) peas 
COMPONENTS ; 


Ces) 


GO TO B7, 
2-426 Page 2-428 


REASON FOR QUESTION 


Sticky rotors can cause 
erratic braking behavior. 


TM 9-2320-387-24-1 


REFERENCE INFORMATION | BRAKE SYSTEM 


Replace brake pad_(para. 7-3). 


The minimum brake pad thickness is 1/8 in. 
(3.2 mm). 


OUTER PAD 


Replace service brake rotor(s)/(Bara. 7-Td). 


INNER PAD 


The only way the rotors can be sticking is if the 
calipers are not releasing fully. 


Remove calipers. Clean and lubricate guide pins with 
grease. 


Replace and clean brake caliper (para. 7-4). 
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BRAKE SYSTEM 


PARKING BRAKE OK 
MASTER CYLINDER OK 
BRAKE PADS OK 
ROTORS OK 

CALIPERS OK 


POSSIBLE PROBLEMS 


PROPORTIONING VALVE 

HYODRO-BOOSTER 

MECHANICAL 
COMPONENTS 


PARKING BRAKE OK 

MASTER CYLINDER OK 

BRAKE PADS OK 

ROTORS OK 

CALIPERS OK 

PROPORTIONING VALVE 
OK 


POSSIBLE PROBLEMS 


HYDRO-BOOSTER 
MECHANICAL 
COMPONENTS 


PARKING BRAKE OK 
MOST BRAKE SYSTEM 
COMPONENTS OK 


POSSIBLE PROBLEMS 


PEDAL RETURN SPRING 
PEDAL BUSHING 
FRONT TOE-IN 

REAR TOE-OUT 


2-428 


STEERING, 
Page 2-433 


DIAGNOSTIC FLOWCHART 


FROM B6, 
Page 2-426 


DOES THE PROPORTIONING 
VALVE WORK PROPERLY? 


TEST OPTIONS 


SEE TEST EXPLANATION AT 
RIGHT. 


REASON FOR QUESTION 
This valve regulates the flow of 

hydraulic fiuid. If it's broken, the 
brakes may behave erratically. 


REPLACE 


PROPORTIONING 
VALVE. 


TEST OPTIONS 


IS THE HYDRO-BOOSTER 


WORKING PROPERLY? SEE INSTRUCTIONS AT RIGHT. 


REASON FOR QUESTION 


The hydro-booster is an integral 
part of the braking system. 


TEST OPTIONS 


VISUAL INSPECTION - 
SPECIFICALLY CHECK PEDAL 
RETURN SPRING AND 

BUSHING. 


LOOK AT THE BRAKE PEDAL. 
DOES IT MOVE THROUGH ITS 
FULL OPERATING RANGE? 


REASON FOR QUESTION 


A brake pedal that doesn't 
retum to its normal position 
could cause the brakes to drag. 


REPAIR/REPLACE 
WORN PARTS. 


GO TO 


REFERENCE INFORMATION 


Test for faulty proportioning valve: 


Drive the vehicle and have an assistant 
observe during the performance of this test. 


With vehicle at curb weight, decelerate 
vehicle from 45 to 40 mph (72 to 69 kph) 
on dry concrete road and apply sufficient 
pressure to lock up front brakes. If rear 
brakes lock up before front brakes, 

the proportioning vaive should be replaced. 


Replace proportioning valve[(para. 7-10). 


Method for checking hydro-booster: 


Depress brake pedal several times to 
exhaust accumulator pedal. Depress 
brake pedal and start engine. Brake 
peda! should fall, then push back 
against operator's foot. 


Replace hydro-booster(pata. 7-6). 


Replace service brake peda[ (para. 7-9). 


The steering tests will check for suspension 
problems that will affect braking. 


HYDRO-BOOSTER 


BRAKE PEDAL 
BUSHING 


TM 9-2320-387-24-1 


BRAKE SYSTEM 


PROPORTIONING 
VALVE 


BRAKE PEDAL 
RETURN SPRING 


2-429 
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c 
FROM 88, 
Page 2-428 


BRAKE SYSTEM DIAGNOSTIC FLOWCHART 


TEST OPTIONS 
VISUAL 


HYDRO-BOOSTER SYSTEM 
NOT WORKING 
PROPERLY 


IS THE FLUID LEVEL IN THE 
POWER STEERING PUMP 
RESERVOIR OK? 


REASON FOR QUESTION 


The hydro-booster gets its power 
from the power steering pump. 


POSSIBLE PROBLEMS 


HYDRO-BOOSTER 
POWER STEERING FLUID 
SERPENTINE BELT 
POWER STEERING 


SYSTEM (No) 


FILL TO PROPER 
LEVEL AND BLEED IF 
NECESSARY. 


TEST OPTIONS 


VISUAL INSPECTION OF BELT 
TENSIONER. 


HYDRO-BOOSTER SYSTEM 
NOT WORKING 
PROPERLY 

POWER STEERING 
FLUID OK 


POSSIBLE PROBLEMS 


HYDRO-BOOSTER 
POWER STEERING 

SYSTEM 
SERPENTINE BELT (80) 


IS THE SERPENTINE BELT 
IN GOOD CONDITION? 


REASON FOR QUESTION 
if power steering system isn't 
working properly, the hydro-booster 
may not get enough power to work 
properly. 


REPLACE 
SERPENTINE 
BELT. 


TEST OPTIONS 


HYDRO-BOOSTER SYSTEM CHECK COMPONENTS. YOU CAN 


NOT WORKING ARE ALL THE POWER RUN THE TESTS IN[PARA. 2-42 | 
PROPERLY STEERING HYDRAULIC TO TEST THE STEERING. 


POWER STEERING FLUID 
OK 
SERPENTINE BELT OK 


POSSIBLE PROBLEMS 


HYORO-BOOSTER 
POWER STEERING 
SYSTEM 


COMPONENTS KNOWN TO 
BE OK? 


REASON FOR QUESTION 
Power steering system and brake 
system share some of the same 
hydraulic components to run the 
hydro-booster. 


REPLACE 
AS REQUIRED. 


REPLACE 


2-430 HYDRO-BOOSTER. 


TM 9-2320-387-24-1 


REFERENCE INFORMATION BRAKE SYSTEM 


Bleed power steering systen((pafa. 3-27). 


Replace serpentine belf{(para. 3-87). 


BELT ys : 
TENSIONER < S G POWER STEERING 
X MO FLUID INDICATOR 
AND FILL CAP 


A defective power steering pump, 
gear, hoses, or control valve could 
affect hydro-booster operation. 


2-431/(2-432 blank) 
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2-42. STEERING SYSTEM TESTS 


These steering system tests may be run any time you have a steering problem or if you were sent 
here by another test chain. Just follow the path, answering the questions. Additional information 
and notes are given on the facing page when necessary. 


The fold-out page shows the location of the major components of the steering in case you are not 
familiar with them. These parts are shown in a schematic manner. Illustrations of the actual 
components are given wherever applicable on the reference pages of the diagnostics. 


Fold-ouf page FP-26 may be left open for reference while testing. The functional flow diagram 


shows the mechanical and hydraulic parts of the system and how they interact. Even if the 
hydraulic system fails, you will still be able to steer the vehicle, although it will require more effort. 


2-433 
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STEERING SYSTEM 


NOTHING 


POSSIBLE PROBLEMS 


POWER STEERING PUMP 

POWER STEERING 
COMPONENTS 

STEERING LINKAGES 

SUSPENSION 

BRAKES 


BRAKING SYSTEM OK 


POSSIBLE PROBLEMS 


POWER STEERING PUMP 

POWER STEERING 
COMPONENTS 

STEERING LINKAGES 

SUSPENSION 

BRAKES GRABBING 


BRAKES OK 
STRAIGHT LINE BEHAVIOR 
OK 


POWER STEERING PUMP 
POWER STEERING 
COMPONENTS 
STEERING LINKAGES 
SUSPENSION 


2-434 


TEST OPTIONS 


DRIVE VEHICLE AND MAKE 
SEVERAL STOPS AT MODERATE 


DOES THE VEHICLE STEER 


STRAIGHT WHILE BRAKING SPEEDS FROM FORWARD AND 
(WHILE GOING FORWARDS REVERSE DIRECTIONS. 
AND BACKWARDS)? 


REASON FOR QUESTION 


If vehicle pulls to one side 
or other while braking, the 
problem is likely to be in 

the brake system. 


| on GO TO BRAKES, 
(No) Page 2-419. RETURN 


IF NO FAULTS 
FOUND. 


TEST OPTIONS 


TRY IT. THE VEHICLE SHOULD 
NOT WANDER, BUT TRACK 
STRAIGHT WITH A MINIMUM 
OF STEERING EFFORT. 


DOES THE VEHICLE STEER 
STRAIGHT WHILE DRIVING 
ON ALEVEL ROAD AT A 
MODERATE SPEED? 


REASON FOR QUESTION 
The vehicle should travel 

in a straight line with a 
minimum of steenng 
correction. 


TEST OPTIONS 


DRIVE VEHICLE AND MAKE 


DOES THE VEHICLE STEER TURNS. 
NORMALLY DURING TURNS 


(WITHOUT UNDUE EFFORT)? 


REASON FOR QUESTION 


Hard or noisy steering is usually 
due to power steering system 
failures. 


DIAGNOSTIC FLOWCHART 


TM 9-2320-387-24-1 


REFERENCE INFORMATION STEERING SYSTEM 


WARNING 
Make sure that the area where you conduct these tests is 
tree of natural and man-made obstructions. Failure to do so 
may result in serious injury. 


p ! : 


Visually inspect steering components: 
1. Check all four tires and rims for wear, inflation, damage, or warping. 
a. Adjust tire pressure (TM 9-2320-387-10). 
b. Replace any unserviceable rims_(para. 8-4). 
2. Check steering linkage for damage. 
a. Replace any damaged steering linkage components(para. 8-T1). 
b. Lubricate steering linkage (1M 9-2320-387-10). 
3. Check power steering fluid for contamination and level 
(TM 9-2320-387-10). 
a. Drain and replace any fluid that appears black and smells bumt. 
b. Bleed air from system where fluid appears milky white[(pata. 8-27). 
4. Check serpertine drivebelt for fraying, cracks, or damage. 
Replace damaged serpentine drivebe!((para. 3-81). 


While travelling at a moderate speed (20 mph (32 kph)), apply the 
brakes while applying minimal pressure to the steering wheel. !f pull to 
one side or the other occurs, make a note of the speed and on what 
side of the vehicle it occurs. Repeat this procedure for different 
speeds and braking forces. If the vehicle seems to steer straight while 
braking, there probably isn't a problem with the brakes (at least not 
one that affects the steering). If the braking action feels strange in any 
way, the brake diagnostics should be run to assure vehicle safety. This 
test will usually reveal problems with frozen brake calipers. 


If the wheels are out of alignment or if the tires are wom unevenly, vehicle 
may wander. 


Symptoms of bad steering characteristics include hard steering, excesssive 
play in steering, a momentary increase in steering effort when tuming wheel 
quickly, and jerking of the steering wheel when tuming. 


2-435 
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STEERING SYSTEM — DIAGNOSTIC FLOWCHART 


FROM 3, 
Page 2-434 


IS THE VEHICLE FREE FROM 


TEST OPTIONS 


TEST DRIVE - LISTEN AND FEEL 
FOR VIBRATION AND OTHER 


BRAKES OK 
STRAIGHT LINE 


BEHAVIOR OK RATTLING NOISES AND NOISE. 
POWER STEERING STRANGE VIBRATIONS 
SYSTEM OK WHEN TURNING OR GOING 


OVER ROUGH TERRAIN? 


REASON FOR QUESTION 


If thera was no noise on 
smooth ground and there is 
now, there is probably a 
problem with the suspension. 


POSSIBLE PROBLEMS 


SUSPENSION 


GO TO C, 
Page 2-446 
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REFERENCE INFORMATION STEERING SYSTEM 


Drive the vehicle until the tires warm up. If the 
condition goes away, it was probably caused 
by a burst lube pack or a fiat spot on a tire. 
“Both of these conditions are OK since the 
vehicle will operate normally after the tires 
warm up. 


2-437 
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STEERING SYSTEM DIAGNOSTIC FLOWCHART 


TEST OPTIONS 


1. CHECK THE TIRES FOR 
PROPER INFLATION AND FOR 
UNEVEN OR EXCESSIVE WEAR. 

2. CHECK THE WHEELS FOR 

LARGE DENTS OR WARPAGE. 


VEHICLE EXHIBITS 
POOR STRAIGHT LINE 
STEERING 


ARE THE TIRES AND WHEELS 
OK? 


POSSIBLE PROBLEMS 


REASON FOR QUESTION 


You can't expect the vehicle to 


RES steer OK if the tires are not good. 


ALIGNMENT 
SUSPENSION 


REPAIR OR 
REPLACE 
AS NEEDED. 


TEST OPTIONS 
MEASURE TOE-IN. 


WHEELS AND TIRES OK 


DO THE FRONT WHEELS HAVE 
THE PROPER AMOUNT OF 
TOE-IN? 


REASON FOR QUESTION 
Poorly adjusted toe-in could 
have an effect on directional 
stability. 


POSSIBLE PROBLEMS 


FRONT AND REAR 
WHEEL ALIGNMENT 
SUSPENSION 


(No) ADJUST TOE-IN. 


TEST OPTIONS 


WHEELS AND TIRES OK MEASURE TOE-OUT. 


FRONT ALIGNMENT OK 


DO THE REAR WHEELS HAVE 
THE PROPER AMOUNT OF 
TOE-OUT? 


POSSIBLE PROBLEMS REASON FOR QUESTION 


Poorly adjusted toe-out could 
have an effect on directional 
stability. 


SUSPENSION 
REAR ALIGNMENT 


(No) ADJUST TOE-OUT. 


Ces) 


GO TOC, 
2-438 Page 2-446 
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REFERENCE INFORMATION STEERING SYSTEM 


Uneven tire wear can be caused by improper inflation, 

suspension misalignment or damage, hard service, or 
_ Wheel imbalance. For wheel and tire replacement and 

maintenance procedures, refer to para. 8-3. 


For instructions on adjusting front wheel toe-in, refer to 


[para 8-9) 


For instructions on adjusting rear wheel toe-out, refer to 
Part C will test out the suspension parts to 
see if they are OK. 


2-439 
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STEERING SYSTEM 


STRAIGHT LINE 
BEHAVIOR OK 

BRAKES OK 

HARD STEERING 


POSSIBLE PROBLEMS 


POWER STEERING PUMP 

POWER STEERING 
COMPONENTS 

SUSPENSION 


WHEELS AND TIRES OK 
BRAKES OK 

HARD STEERING 
SERPENTINE BELT OK 


POSSIBLE PROBLEMS 


POWER STEERING PUMP 

POWER STEERING 
COMPONENTS 

SUSPENSION 


WHEELS AND TIRES OK 
BRAKES OK 

HARD STEERING 
SERPENTINE BELT OK 
FLUID LEVEL OK 


POSSIBLE PROBLEMS 


POWER STEERING PUMP 

POWER STEERING 
COMPONENTS 

SUSPENSION 


2-440 


B 
FROM 3, 
Page 2-434 


TEST OPTIONS 


LOOK AT BELT TENSIONER 
POSITION. 


IS THE SERPENTINE BELT IN 
GOOD CONDITION? 


REASON FOR QUESTION 
If belt tensioner has fully retracted, 
the power steering unit will not 

work property. 


ADJUST OR 
REPLACE BELTS. 


TEST OPTIONS 


CHECK THE CAP/DIPSTICK 
FOR PROPER FLUID LEVEL. 


IS THE FLUID LEVEL NORMAL 
IN THE POWER STEERING 
PUMP? 


REASON FOR QUESTION 
Low fluid level may cause 
power steering pump to 

work improperly. 


ADD FLUID AND 
BLEED SYSTEM. 


TEST OPTIONS 
CHECK THEM. 


ARE THE POWER STEERING 
PUMP, PULLEY, AND BRACKET 
FIRMLY ATTACHED AND IN 

GOOD WORKING ORDER? 


REASON FOR QUESTION 
Loose or broken power steering 
components could cause power 
steering assist to work improperly. 


REPAIR/REPLACE 
POWER STEERING 
COMPONENTS. 


GO TO B4, 
Page 2-442 


DIAGNOSTIC FLOWCHART 
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REFERENCE INFORMATION STEERING SYSTEM 


Check serpentine belt tensioner position. 


CAUTION 
Do not overfill hydraulic fluid. 


See TM 9-2320-387-10 for fluid replacement pro- 
cedure. For bleeding procedure, refer to para. 8-27. 


Low fluid level could indicate a problem elsewhere in 
the system; either leaking hydraulic lines or a leaking 
or damaged power steering pump. If adding fluid 
seems to cure the problem, you should probably run 
the rest of the tests to make sure there aren't any 
other problems. 


eo, SERPENTINE BELT 


—: 


CAUTION 
Serpentine beit failure (abnormal wear or belt ; 
dislodgement) can be caused by misalignment of TENSIONER POWER STEERING 
pulleys, improper installation, or foreign objects FLUID INDICATOR 
introduced into belt path. Inspect water pump pulley for AND FILL CAP 


proper installation and ease of rotation. Any wobble or 
misalignment will cause belt failure. Refer to para. 3-81 
for pulley alignment procedures. 

A loose pump, pulley, or bracket could cause excess 
noise, slipping belt, or other malfunctions. For appro- 
priate repair or replacement procedures, refer to 

para. 8-23. 


Change 1 2-441 
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STEERING SYSTEM 


WHEELS AND TIRES OK 

BRAKES OK 

HARD STEERING 

SERPENTINE BELT, 
FLUID OK 

PUMP, PULLEY, 
BRACKET LOOK OK 


POSSIBLE PROBLEMS 


LEAKS 

HYDRAULIC SYSTEM 

POWER STEERING 
COOLER 


KNOWN INFO 


WHEELS AND TIRES OK 

BRAKES OK 

HARD STEERING 

SERPENRINE BELT, 
FLUID OK 

PUMP, PULLEY, 

BRACKET LOOK OK 


POSSIBLE PROBLEMS 


POWER STEERING 
HYDRAULICS 
HYDRO-BOOSTER 
STEERING GEAR 
FAN DRIVE 
POWER STEERING 
COOLER 


HARD OR ABNORMAL 
STEERING 


POSSIBLE PROBLEMS 


POWER STEERING PUMP 

POWER STEERING GEAR 

FAN DRIVE 

HYDRO-BOOSTER 

POWER STEERING 
COOLER 


2-442 


DIAGNOSTIC FLOWCHART 


FROM B3, 
Page 2-440 


ARE THE COMPONENTS LISTED 
AT THE RIGHT CLEAN, TIGHT, 
AND FREE OF EVIDENCE OF 
LEAKING FLUID? 


TEST OPTIONS 


REASON FOR QUESTION 
Leaking fluid from the hydraulic 

hoses could indicate a bad hose 
ora bad component. 


REPLACE 


DEFECTIVE 
HOSES. 


TEST OPTIONS 


THE NEXT THREE QUESTIONS PUG een 


DON'T HAVE A NO PATH. 
REMEMBER THE ANSWERS UNTIL 
THE END OF THE TEST CHAIN. 


2. POWER STEERING ANALYZER 
(SEE NOTE AT RIGHT REGARD- 
ING USE). 


REASON FOR TESTS 
You can't determine what is 
wrong in the hydraulics 

until you test everything. 


SEE NOTE AT RIGHT. 


DOES THE COOLING FAN 
DISENGAGE PROPERLY? 


REASON FOR QUESTION 
If the power steering pump can 
develop enough pressure to 
disengage the fan, the pump 
and gear are probably OK. 


REMEMBER 
FOR END OF 
TEST. 


<> 


GO TO B7, 
Page 2-444 
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REFERENCE INFORMATION | STEERING SYSTEM 


Check hydraulic hoses, power steering pump, power steering cooler, hydraulic contro! valve, hydro-booster unit, Steering 
gear, fan shroud, and fan clutch. See hose replacement procedures (refer to para. 8-26). Check power steering cooler for 
bent fins or any other airflow restrictions. Straighten fins or replace power steering cooler (para. 8-26) if damaged beyond 
repair. 


NOTE 
If you have a power steering analyzer, you can use it here to test the power steering 
pump and gear and the rest of the hydraulic system. If you use a power steering 
analyzer, you don't have to follow the test chain further. 


Power steering analyzer procedure 

1. Disconnect high-pressure hose from hydro-booster leading to power steering pump and connect analyzer to 
hydro-booster and high-pressure hose. Open valve on analyzer. 

2. Disconnect hamess connector at hydraulic control valve (para. 8-25). Check fluid level in power steering pump and add 
fiuid if necessary. 

3. Connect STE/ICE-R for purpose of recording engine rpm in step 8. 

4, Start engine and allow to idle 3-5 minutes. Check for leaks at connections. 

5. Record pump pressure and flow rate. Pressure should be 220-250 psi (1,517-1,724 kPa) and flow should be 
2.75-3.25 gpm (10.41-12.30 lpm). If pressure or flow is too low, check for restriction in pressure line from power steering 
pump by disconnecting hose and putting some air to it. Reconnect hose and check pump flow again. If pressure is too 
high, check for restriction in. pressure line from hydro-booster to steering gear. Also, remove the pressure relief cartridge 
and clean the screen and bore of the relief valve with compressed air and drycleaning solvent (para. 8-28). Check pump 

en pressure and flow again. If pressure and flow are not within specification, replace power steering pump (para. 8-23). 

6. Partially close valve on analyzer so pressure increases to 700 psi (4,827 kPa) and record flow. Subtract this flow rate 
from flow rate obtained in step 5. !f there is more than 1 gpm (3.8 Lpm) difference in flow rates, replace power steering 
pump (para. 8-23). 


CAUTION 
Do not leave valve fully closed for more than 5 seconds or pump damage will result. 


7. Close and partially open valve on analyzer three times. Record highest pressure reading each time. All three readings 
must be 1,300 psi (8,964 kPa) or above. If not, replace power steering pump (para. 8-23). 
8. Open valve on analyzer and increase engine speed to 1,500 rpm. Record flow. If flow varies more than 1 gpm (3.8 Lpm) 
from flow rate recorded in step 5, remove the pressure relief cartridge and clean screen and bore of the relief valve with 
compressed air and drycleaning solvent (para. 8-28). Repeat step. If flow still varies more than 1 gpm (3.8 Lpm) from flow 
rate recorded in step 5, replace power steering pump (para. 8-23). 
8. Turn steering wheel all the way to left and right and record flow at each stop. Flow should drop to 1 gpm (3.8 Lpm) or 
less. If not, replace steering gear (para. 8-20). 

10. Push brake pedal to floor and hold. Flow should drop to 1 gpm (3.8 Lpm) or less. If not, replace hydro-booster (para. 7-6). 

11. Turn steering wheel slightly to left or right and release wheel quickly while watching pressure gauge. Pressure gauge 
should snap back quickly. If pressure gauge returns slowly, replace steering gear (para. 8-20). 

12. Push brake pedal down and release quickly while watching pressure gauge. Pressure gauge should snap back quickly. If 
pressure gauge returns slowly, replace hydro-booster (para. 7-6). Connect harness connector to hydraulic control valve. 
Remove power steering analyzer and reconnect the steering lines. Bleed power steering system (para. 8-27). 


NOTE 
You must be certain that the engine cooling system Is working OK, or this test won't 
tell you anything. If the engine Is cold, and everything is working OK, the fan should 
be disengaged. You can tell by gently revving the engine in neutral with the hood 
open. If the fan Is engaged, you will feel a breeze outside the driver's door. If it's 
disengaged, you won't feel it. If you aren't sure if It's working OK, run the tests in para. 
2-31. 
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STEERING SYSTEM DIAGNOSTIC FLOWCHART 


HARD OR ABNORMAL 
STEERING 


SEE PROCEDURES AT RIGHT. 


IS THE HYDRO-BOOSTER 
WORKING PROPERLY? 


REASON FOR QUESTION 
The hydro-booster will affect the 
POWER STEERING PUMP Md i of the steering system. 
POWER STEERING GEAR 
FAN DRIVE 
HYDRO-BOOSTER REMEMBER 
(No) FOR END OF 
TEST. 


cmc 


B8 TEST OPTIONS 


HARD OR ABNORMAL 
STEERING 


TURN STEERING WHEEL 
SLIGHTLY TO LEFT OR RIGHT 
AND RELEASE WHEEL QUICKLY. 
THE STEERING WHEEL SHOULD 
CENTER ITSELF. DOES THIS 


HAPPEN? REASON FOR QUESTION 
The steering gear is working 
POWER STEERING PUMP properly if this happens. 
POWER STEERING GEAR 
FAN DRIVE 
HYDRO-BOOSTER REMEMBER 
(no) FOR END OF 


HARD OR ABNORMAL 
STEERING 


LOOK AT THE CHART TO THE 
RIGHT TO DETERMINE WHAT IS 
WRONG AND REPAIR IT AS 


DIRECTED. 


POSSIBLE PROBLEMS 


POWER STEERING PUMP 
POWER STEERING GEAR 
FAN DRIVE 
HYDRO-BOOSTER 
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REFERENCE INFORMATION STEERING SYSTEM 


Method for checking hydro-booster. Depress brake pedal several times to 
exhaust accumulator. Depress brake pedal and start engine. Brake pedal 
’ should fall and then push back against operator's foot. 


ANSWERS TO QUESTION: COMPONENT 
B6 B7 B8 TO REPLACE 


eee POWER STEERING PUMP 
SEE NOTE 
SEE NOTE 
BELOW 


YES RUN ENGINE COOLING 
TEST (PARA. 2-25) 


YES NO NO POWER STEERING PUMP 
SE HYDRO-BOOSTER 


DS LEVEL (CHAPTER 14) 
STEERING GEAR 


NO FAULTS 


NOTE 


To diagnose the second and third cases to one item, it is necessary 
to have a power steering analyzer. Additionally, for all cases, check 
the hoses for the particular part to make sure they are OK. 
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STEERING SYSTEM ical ceaseaasa DIAGNOSTIC FLOWCHART 


OR A3, Page 2-438 


KNOWN INFO 


CHECK THE TIE ROD ENDS, 
CENTER LINK PITMAN ARM AND 
IDLER ARM, AND ALL OF THE 
MOUNTING HARDWARE FOR 
THESE PARTS. ARE THEY ALL 


OK? 
(No) REPLACE AS 
NEEDED. 


TEST OPTIONS 


VISUAL INSPECTION - LOOK 
FOR BENT PARTS, LOOSE 
MOUNTINGS AND BAD 
BUSHINGS. 


WHEELS AND TIRES OK 
BRAKES OK 
ALIGNMENT OK 


REASON FOR QUESTION 


These are the parts that tum the 
front wheels in response to the 
steering whee! movements. 


POSSIBLE PROBLEMS 


STEERING COMPONENTS 
SUSPENSION 
COMPONENTS 


TEST OPTIONS 
WHEELS AND TIRES OK CHECK POWER STEERING ee none < oe RiGKEE 
BRAKES OK DRIVEBELT PULLEY FOR 
MAKE SURE BELT TENSIONER 


POSITION INDICATES 


_ | SERPENTINE BELT IS OK. ARE 


SERPENTINE BELT & THESE OK? 


PULLEY 
CAPSCREWS aaa 
SUSPENSION 

(No) DAMAGEDWORN 


COMPONENTS 
BELT OR PULLEY. 


REASON FOR QUESTION 
A damaged pulley will ruin 
the serpentine belt. A damaged 
serpentine belt will slip, causing 
the power steering to loose power 
or fail. 


/\ TEST OPTIONS 


WHEELS AND TIRES OK SEE PROCEDURE AT RIGHT. 
BRAKES OK 
SERPENTINE BELT OK 


STEERING LINKAGES OK 


ARE THE BALL JOINTS OK 
(NOT WORN)? 


REASON FOR QUESTION 
Wom ball joints can result 
in difficult or noisy steering. 


POSSIBLE PROBLEMS 


BALL JOINTS 

OTHER SUSPENSION 
COMPONENTS 

OTHER STEERING 
COMPONENTS 


REPLACE BALL 
JOINTS. 


GO TO C4, 
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REFERENCE INFORMATION STEERING SYSTEM 


£3 
S hes PITMAN . 
wed . - ARM 
. Check for looseness in idler arm and pitman = 2S) 
arm (paras. 8-17] and 8-13). For replacing BEER ARM F SS AQ e. \ 
center link, refer to[pata. 8-14] For replacing tie a S23 SN O\ |: 
rods, refer td’ para_8-16. . \B — Sa) I} 
eN Ss. 
| \ \ CENTER LINK TIE ROD END i 
<= —))\ =a; 
——— TH ee SERPENTINE 
fhe BELT 


For replacing the pulley, refer to para. 8-23. 


CAUTION BELT TENSIONER 


Do not loosen slotted nut to install cotter pin. 
Loosening the nut may result in damage to the 


equipment. POWER STEERING 
PULLEY 


To check for proper operation of ball joints: BALL JOINT 
(1) Chock rear wheels front and back. 
(2) Raise front wheels about 2 in. off the ground 
and support on a jack stand. 
a. For Lower Bali Joints 
(3) Mark a line across the head of the top bolt holding 
the steering arm cover. Make sure 
the mark is parallel to the lower control arm. Sm LAN 
(4) Put a prybar between the cover contro! arm mag) 
and geared hub. 
(5) Set a 6-in. ruler upright between the lower \ \| 
control arm and the marked screw. 5 yy 
(6) Push down the prybar to try to move the hub. 
(7) Measure movement in the hub assembly. If 
movement is more than 1/8 in. (3 mm), on“ pias ° 
replace lower ball joint{(para. 6-24). oa SS 
b. For Upper Ball Joints (i ( 4 
(8) Grasp top of tire and attempt to move it IN and OUT. fp 
(9) Grasp upper control arm and attempt to move it up 
and down. 
(10) If there is any noticeable movement between 
geared hub and upper control arm, repiace upper ball 


joint _para6=23). 
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STEERING SYSTEM 


WHEELS AND TIRES OK 

BRAKES OK 

POWER STEERING 
SYSTEM OK 

BALL JOINTS OK 


POSSIBLE PROBLEMS 


OTHER SUSPENSION 
COMPONENTS 

OTHER STEERING 
COMPONENTS 


WHEELS AND TIRES OK 

BRAKES OK 

POWER STEERING 
SYSTEM OK 

BALL JOINTS OK 

CONTROL ARMS OK 


POSSIBLE PROBLEMS 


OTHER SUSPENSION 
COMPONENTS 

OTHER STEERING 
COMPONENTS 


WHEELS, TIRES, BRAKES 
OK 

POWER STEERING 
SYSTEM OK 

BALL JOINTS, CONTROL 
ARMS, SHOCKS/SPRINGS 
OK 


POSSIBLE PROBLEMS 


OTHER SUSPENSION 
COMPONENTS 

OTHER STEERING 
COMPONENTS 


DIAGNOSTIC FLOWCHART 


TEST OPTIONS 


VISUAL INSPECTION - LOOK FOR 
BROKEN OR WORN BUSHINGS 
AND BENT CONTROL ARMS. 
ALSO CHECK MOUNTING 
HARDWARE. 


ARE THE CONTROL ARMS AND 
THEIR BUSHINGS OK? 


REASON FOR QUESTION 
Wom control arms reduce 
steerability of the vehicle 
and reduce tre life. 


TEST OPTIONS 
SEE PROCEDURE AT RIGHT. 


ARE THE SHOCK ABSORBERS 
AND COIL SPRINGS 
OPERATING EFFECTIVELY? 


REASON FOR QUESTION 
Broken or fatigued shock 
absorbers and coils can 
lead to loss of steering 
control on rough surfaces. 


REPLACE SHOCKS/ 
COIL SPRINGS. 


TEST OPTIONS 


VISUAL INSPECTION - CHECK 
FOR EXCESSIVE WEAR, 
UNSERVICEABLE BUSHINGS. 


ARE THE RADIUS RODS OK 
(NOT WORN OUT)? 


REASON FOR QUESTION 
The radius rods serve to 

keep the rear wheels pointed 
in the proper direction. 


c 
(YES) RADIUS ROD. 


GO TO C7, 
Page 2-450 
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REFERENCE INFORMATION STEERING SYSTEM 


CONTROL ARM 


BUSHING 
: UPPER 

For upper and lower control arm and bushing COIL SPRING n/ CONTROL ARM 
replacement instructions, refer t@_ paras. 6-25 
and 6-26. 

CONTROL ARM 

BUSHING == 
SHOCK ABSORBER 
LOWER 
CONTROL ARM. 


To test the shocks and springs, drive the vehicle 
over a variety of terrain. If the vehicle continues 
to bounce after hitting a bump, the shocks may 
be wom. If the vehicie bottoms out on the 
suspension, the shocks may be wom. If the 
vehicle sags when loaded, the springs may be 
worn. If the shock absorber bodies are not warm 
after driving the vehicle, the shocks are no good. 


For coil spring and shock absorber replacement 
instructions, refer to[paras. 6-27] and 6-28. 


For instructions on replacing the radius rod, refer 


to[para. 6-22} 
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STEERING SYSTEM 


KNOWN INFO 


MOST STEERING AND 
SUSPENSION PARTS 
ARE OK 


POSSIBLE PROBLEMS 


STEERING SHAFTS 
CAPSCREWS 
STABILIZER BAR 


KNOWN INFO 


WHEELS, TIRES, BRAKES 
OK 

POWER STEERING 
SYSTEM OK 

SUSPENSION OK 

MOST STEERING 
COMPONENTS OK 


POSSIBLE PROBLEMS 


STABILIZER BAR 
CAPSCREWS 


‘ 


KNOWN iNFO 


WHEELS, TIRES, BRAKES 
OK 

POWER STEERING 
SYSTEM OK 

BALL JOINTS OK 

CONTROL ARMS OK 

SHOCKS/SPRINGS OK 

SERPENTINE BELT AND 
PULLEY OK 


POSSIBLE PROBLEMS 
| CAPSCREWS 


2-450 


Change 1 


FROM C6, 
Page 2-448 


CHECK THE STEERING COLUMN 
AND THE INTERMEDIATE 
STEERING SHAFT. ARE THEY OK? 


TEST OPTIONS 


VISUAL INSPECTION - LOOK 
FOR BROKEN HARDWARE, 

MISSING GREASE FITTINGS, 
AND WORN SPLINES. 


REASON FOR QUESTION 
These parts carry the motion of 

the steering wheel to the steering 
gear. 


REPLACE AS 
NEEDED. 


TEST OPTIONS 


VISUAL 


IS THE STABILIZER BAR OK 
(BAR AND BAR MOUNTS)? 


REASON FOR QUESTION 
if the bar is broken or loose, 
the vehicle could be hard to 
control at moderate to high 
speeds during turns. 


REPLACE 
STABILIZER BAR. 


TEST OPTIONS 
1. VISUAL 


ARE STEERING GEAR MOUNTING 
CAPSCREWS ADEQUATELY 
TIGHT? THEY SHOULD BE 
TIGHTENED TO 60 FT-LB (81 NeM). 


2. CHECK WITH TORQUE 
WRENCH. 


REASON FOR QUESTION 
If the capscrews get loose or 
fall out, the steering gearbox 
could move, causing serious 
problems with steering. 


TIGHTEN 
CAPSCREWS IF 
NECESSARY, 


DIAGNOSTIC FLOWCHART 


REFERENCE INFORMATION 


Replace the steering column and intermediate shaft 


(paras—B=18 and 8-19). 


Replace the stabilizer bar(para. 6-20). 


If you still have a problem, rerun the test chain 
to make sure you didn't miss anything. If you 
didn't go down the A chain, you may want to run 
those tests in order to check out the hydraulic 
parts of the steering system. 


STEERING SHAFT 


TM 9-2320-387-24-1 


STEERING SYSTEM 


INTERMEDIATE SHAFT 


STABILIZER BAR 
END 
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2-43. DRIVETRAIN TESTS 


These drivetrain tests may be run any time you think you have a drivetrain problem or if you were 
sent here by another test chain. Just follow the path, answering the questions. Additional 
information and notes are given on the facing page when necessary. 


The fold-out page shows the location of the major components of the drivetrain system in case you 
are not familiar with them. 


Fold-out_ page FP-27 may be left open for reference while testing. Also, due to the design of the 
functional flow diagram, it is not necessary to have a location of parts diagram so it has been 
omitted. 


NOTE 


Problems with the transmission and drivetrain cooling system are 
dealt with in 
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DRIVETRAIN <=> DIAGNOSTIC FLOWCHART 7 


TEST OPTIONS 
VISUAL - SEE NOTE AT RIGHT. 


NOTHING 


IS THE TRANSMISSION 
FLUID OK? 


REASON FOR QUESTION 


The transfer case shares its 
fluid with the transmission 
system. 


POSSIBLE PROBLEMS 


TRANSFER CASE 

DIFFERENTIALS 

HALF AND PROPELLER 
SHAFTS 

CV AND U-JOINTS 

GEARED HUBS 


SEE NOTE 
AT RIGHT. 


TEST OPTIONS 


FLUID OK TRY ALL TRANSFER CASE 
ROAD-TEST THE VEHICLE. 
OPTIONS AND NOTE 
DOES IT PASS? UNUSUAL BEHAVIOR. 


REASON FOR QUESTION 


POSSIBLE PROBLEMS 


A road test is the best way 
TRANSFER CASE to test the drivetrain. 
DIFFERENTIALS 
HALF AND PROPELLER 
SHAFTS 
CV AND U-JOINTS 


GEARED HUBS 


SHIFTER OK 

FLUID OK 

VEHICLE PASSES 
ROAD TEST 


VISUAL 


DOES THE SPEEDOMETER 
WORK? 


REASON FOR QUESTION 
The speedometer is driven by 
the rear output shaft of the 

transfer case. 


POSSIBLE PROBLEMS 


TRANSFER CASE 
DIFFERENTIALS 
HALF AND PROPELLER 


SHAFTS 
CV AND U-JOINTS (No) ie TO 2 
GEARED HUBS age 2-468 
GO TO 4, 
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REFERENCE INFORMATION DRIVETRAIN 


Pricadiie for checking iranardiesion fda 


1. Start engine. 

2. Hold down brake pedal and move transmission 
shift lever through all ranges including reverse. 

3. Engage parking brake and place shift lever in  DPstiCk | 
neutral. Check fluid level on dipstick. —— 


4. Proper level is between FULL and ADD marks 
on dipstck 


Check fluid for a bunt smell, grit, discoloration, air 
bubbles, or a milky appearance. 


¢ Bumt smell, discoloration, or grit indicates wom 
or damaged intemal components. Notify DS 
maintenance (chapter 14). 


* Bubbles indicate of an overfilled system or air 
leaks in the system. Drain the fluid and refill to 


proper level (para.5-2). 


° Milky appearance is due to water in the system. 
Replace fiuid and filter. 


DIPSTICK 
MARKINGS 


If the speedometer works but the vehicle doesn't 
move, the transmission is OK and the problem is in 
the final drive. Most likely the fault is in the splined 
output shafts of the transfer case. Listen for unusual 
noise. 
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DRIVETRAIN FROM 3 DIAGNOSTIC FLOWCHART 
Page 2-454 


TEST OPTIONS 


SHIFTER OK 
TRANSFER CASE OK 


INSPECT THE HALFSHAFTS VISUAL 


AND THE CONSTANT 
VELOCITY (CV) JOINTS. 
ARE THEY OK? 


POSSIBLE PROBLEMS 


HALFSHAFTS 
PROPELLER SHAFTS 
CV AND U-JOINTS 
GEARED HUBS 


REASON FOR QUESTION 


The halfshafts transmit 
power from the differentials 
to the geared hubs. 


REPAIR OR 
(No) REPLACE AS 
NEEDED. 


TEST OPTIONS 


SHIFTER OK 


INSPECT THE FRONT AND VISUAL 
TRANSFER CASE OK 
HALFESHAFTS AND REAR PROPELLER SHAFTS 
CV JOINTS OK AND U-JOINTS. ARE THEY 


OK? 


REASON FOR QUESTION 
The propeller shafts transmit 


POSSIBLE PROBLEMS 


PROPELLER SHAFTS power from the transfer case to 
U-JOINTS the differentials. 
GEARED HUBS 
REPAIR OR 
(No) REPLACE AS 
NEEDED. 


PROPELLER SHAFTS OK 
U-JOINTS OK 
SHIFTER OK 
TRANSFER CASE OK 
HALFSHAFTS AND 

CV JOINTS OK 


POSSIBLE PROBLEMS 


GEARED HUBS 
DIFFERENTIALS 


VISUAL 


INSPECT THE GEARED HUBS. 
ARE THEY OK? 


REASON FOR QUESTION 


The geared hubs transmit power 
from the drivetrain to the wheels. 


REPAIR OR 
(No) REPLACE AS 


Cres) NEEDED. 


GO TO 7, 
Page 2-458 
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REFERENCE INFORMATION DRIVETRAIN 


OUTPUT Di i \ 
FLANGE 


on 
Check for torn boots on the CV joints, stripped \ ° 
splines, smooth joint operation, and proper Jemma ISN 
Qe 
fE 


} 
mounting torques. '_ 


Replace hatfshafts and CV joints[(para. 6-7). id A 


Lubricate in accordance with TM 9-2320-387-10. WS ‘ 


HALFSHAFT 


CV JOINT GEARED HUB 
BOOT 


Check for smooth operation of U-joints, 
stripped splines, bent yokes, or other 
problems. Also check to see if the shaft 

itself is bent. Replace propeller shafts or 


U-joints (paras. 6-4 through 6-5). 
Lubricate in accordance with TM 9-2320-387-10. 


TRANSFER CASE 
OUTPUT YOKE 
», SY 
UNIVERSAL “\ 3% \ U-BOLT 


JOINT 2 \ 
Make sure the geared hubs turm freely. ey 
Check mounting hardware for proper 
installation. Q 
Lubricate in accordance with TM 9-2320-387-10. 


Replace geared hubs |(para. 6-9). 
PROPELLER SHAFT 


DIFFERENTIAL INPUT m 
FLANGE — 


2-457 
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DRIVETRAIN DIAGNOSTIC FLOWCHART 


TEST OPTIONS 
VISUAL 


PROPELLER SHAFTS OK 
U-JOINTS OK 
SHIFTER OK 
TRANSFER CASE OK 
HALFSHAFTS AND 

CV JOINTS OK _ 


INSPECT THE FRONT AND REAR 
DIFFERENTIALS. ARE THEY OK? 


REASON FOR QUESTION 


The only thing left is the 
differentials. 


POSSIBLE PROBLEMS 


DIFFERENTIALS 


NOTIFY DS 
(no) (CHAPTER 14), 


EXCEPT FOR 
LUBRICATION. 


NO FAULTS FOUND. 
iF YOU WERE SENT HERE 
FROM ANOTHER TEST CHAIN, 
RETURN THERE. 
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REFERENCE INFORMATION DRIVETRAIN 


DRAIN PLUG 


Check for loose mounting 
and broken parts. 


’ Check fluid in accordance 
with TM 9-2320-387-10. 


Notify DS maintenance (chapter 14) 
for other faults. 


FILL PLUG 
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A 
FROM 2, 
Page 2-454 


DRIVETRAIN DIAGNOSTIC FLOWCHART 


VEHICLE FAILS 
ROAD TEST 
FLUID OK 


WITH THE VEHICLE OFF, HAVE VISUAL 


AN ASSISTANT MOVE THE 
SELECTOR LEVER. DOES THE 
LINKAGE AT THE TRANSFER 
CASE WORK PROPERLY? 


POSSIBLE PROBLEMS 


SHIFTER 
PROPELLER SHAFTS 
HALFSHAFTS 


REASON FOR QUESTION 
To make sure the shifter works. 


GEARED HUBS REPAIR 
TRANSMISSION SHIFTER 
TRANSFER CASE AS NEEDED. 


TEST OPTIONS 


VEHICLE FAILS VISUAL 
ROAD TEST 
FLUID OK 


SHIFTER OK 


POSSIBLE PROBLEMS 


SHAFTS 
GEARED HUBS 
TRANSFER CASE 
TRANSMISSION . © 


DOES THE VEHICLE MOVE AT 
ALL? 


REASON FOR QUESTION 
If the vehicle doesn't move, 
it means the transmission 

or transfer case is 

probably at fault. 


GO TOB, 
Page 2-464 


TEST OPTIONS 
TRY TO FEEL IF THE 
pairs ais DOES THE TRANSMISSION TRANSMISSION IS SHIFTING 


WORK PROPERLY? PROPERLY, OR GO TO 
TRANSMISSION, PAGE 2-385. 


FLUID OK 
SHIFTER OK 
VEHICLE MOVES 


POSSIBLE PROBLEMS 


SHAFTS 
GEARED HUBS 
TRANSFER CASE 


TRANSMISSION (No) GO TO 


TRANSMISSION, 
GO TO A4, 
Page 2-462 


REASON FOR QUESTION 
A road-test failure could 
be due to the transmission. 


Page 2-385 
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REFERENCE INFORMATION DRIVETRAIN 


Lubricate in accordance with table 2-1.) 
SHIFTER 
Adjust and repair tinkage[(para. 5-8] or 5-9). . 
Make sure the detents in the shifter correspond with 
the positions on the name plate. 


If difficulty occurs when shifting transfer range 

with engine running, perform Engine Idle Speed 
Adjustment prior to troubleshooting drivetrain. 

If engine was turned OFF in order to shift transfer to SHIFT LEVER y 
desired range, notify DS maintenance (chapter 14). 


For the vehicle not to move, there must be a 
major problem in the drivetrain. 


If you've already run the transmission tests 
and you still can't find the problem, continue 
down this test chain. 
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DRIVETRAIN 


VEHICLE FAILS 
ROAD TEST 
FLUID OK 
SHIFTER OK 
VEHICLE MOVES 


POSSIBLE PROBLEMS 


DIFFERENTIALS 
SHAFTS 
GEARED HUBS 
TRANSFER CASE 


VEHICLE FAILS 
ROAD TEST 
FLUID OK 
SHIFTER OK 
VEHICLE MOVES 
PROPELLER SHAFTS OK 


POSSIBLE PROBLEMS 


DIFFERENTIALS 
HALFSHAFTS 
GEARED HUBS 
TRANSFER CASE 


VEHICLE FAILS 

ROAD TEST 
FLUID OK 
SHIFTER OK 
VEHICLE MOVES 
PROPELLER SHAFTS OK 
HALFSHAFTS OK 


POSSIBLE PROBLEMS 


DIFFERENTIALS 
GEARED HUBS 
TRANSFER CASE 


FROM A3, DIAGNOSTIC FLOWCHART 
Page 2-460 


TEST OPTIONS 


ARE BOTH PROPELLER VISUAL 


SHAFTS AND U-JOINTS OK? 


REASON FOR QUESTION 
The propeller shafts transmit 
power to the differentials. 


TEST OPTIONS 


ARE ALL 4 HALFSHAFTS AND 
CONSTANT VELOCITY JOINTS 
OK? 


VISUAL 


REASON FOR QUESTION 
Halfshafts transmit power from 


the differentials to the geared 
hubs. 


INSPECT THE GEARED HUBS. 
ARE THEY OK? 


REASON FOR QUESTION 


The geared hubs transmit power 
from the drivetrain to the wheels. 


REPLACE AS 
NEEDED. 


SEE NOTE 
2-462 AT RIGHT. 


TM 9-2320-387-24-1 


REFERENCE INFORMATION DRIVETRAIN 


Lubricate in accordance with l | 
TM 9-2320-387-10. 


Check for smooth operation 
of U-Joints, stripped splines, S7/ 
\ 


bent yokes, or other problems. : he Cc ~ 
Also check to see if the shaft 2 At RA d 


itself is bent. 


Repair and replace propeller 
shafts and U-joints 
through 6-4). 


Check for tom boots on the 
CV joints, stripped splines, 
smooth joint operation, and 
proper mounting torques. 


GEARED HUB 


For halfshaft maintenance 


procedures, refer t@ para. 6-7]. 


Lubricate in accordance with 
TM 9-2320-387-10. 


TRANSFER CASE 
OUTPUT YOKE 


Make sure the geared hubs tum 
freely. Check mounting hardware JOINT 


for proper installation. 2 
Lubricate in accordance with gq 
TM 9-2320-387-10. ; 


If you haven't found any faults, 
check the differential fiuid in 


accordance with TM 9-2320-387-10. PROPELLER SHAFT 

Otherwise, notify OS maintenance 

(chapter 14). DIFFERENTIAL INPUT 
FLANGE 
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DRIVETRAIN 


B 
FROM A2, DIAGNOSTIC FLOWCHART 
Page 2-460 


VERICEE DOESN MONE THE PROBLEM IS MOST LIKELY 
IN THE TRANSFER CASE OR 
TRANSMISSION. IF YOU FIND NO 
FAULTS IN THIS TEST CHAIN 


SHIFTER OK 
FLUID OK 


AND YOU CAME FROM 
TRANSMISSION, NOTIFY DS 


TRANSFER CASE 
TRANSMISSION 
HALFSHAFTS AND 
PROPELLER SHAFTS 
GEARED HUBS 


SHIFTER OK 
TRANSFER CASE OK 
TRANSMISSION OK 


SPEEDOMETER WORKS 


POSSIBLE PROBLEMS 


PROPELLER SHAFTS 

U-JOINTS 

GEARED HUBS 

HALFSHAFTS AND 
CV JOINTS 


SHIFTER OK 

TRANSFER CASE OK 
TRANSMISSION OK 
SPEEDOMETER WORKS 
PROPELLER SHAFTS OK 
U-JOINTS OK 


POSSIBLE PROBLEMS 


GEARED HUBS 
HALFSHAFTS AND 
CV JOINTS 


2-464 


MAINTENANCE (CHAPTER 14). 


TEST OPTIONS 


VISUAL 


INSPECT THE FRONT AND REAR 
PROPELLER SHAFTS AND 
U-JOINTS. ARE THEY OK? 


REASON FOR QUESTION 
The propeller shafts transmit 
power from the transfer case 
to the differentials. 


(no) air ia 


NEEDED. 
<3 
B83 


TEST OPTIONS 


INSPECT THE HALFSHAFTS AND 
THE CONSTANT VELOCITY 
JOINTS. ARE THEY OK? 


REASON FOR QUESTION 
The halfshafts transmit power from 
the differentials to the geared 
hubs. 


(No) REPLACE AS 
Cres) NEEDED. 
GO TO B4, 
Page 2-466 


REFERENCE INFORMATION 


If the vehicle doesn't work, 
both shafts would have 
to be broken. 


Check for smooth operation 
of U-joints, stipped splines, 
bent yokes, or other problems. 


Also check to see if the shaft 
itself is bent. 


Replace propeller shafts 
through 6-4). 


Lubricate in accordance with 
TM 9-2320-387-10. 


If the vehicle doesn't move, 

all four shafts may be broken. 

Check for torn boots on 

the CV joints, stripped splines, 
smooth joint operation, 

and proper mounting torques. 


For halfshaft maintenance pro- 
cedures, refer t@ Dara. 6-7} 


Lubricate in accordance with 
TM 9-2320-387-10. 


TM 9-2320-387-24-1 


DRIVETRAIN 


OUTPUT Ne 
FLANGE aa ay \\ 


© 


HALFSHAFT << 
a, 


CV JOINT 
BOOT 


TRANSFER CASE 
OUTPUT YOKE 


U-BOLT 


PROPELLER SHAFT 


DIFFERENTIAL INPUT’ 
FLANGE ——« 
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DRIVETRAIN STR DIAGNOSTIC FLOWCHART 
Page 2-464 


SHIFTER OK 

TRANSFER CASE OK 
TRANSMISSION OK 
PROPELLER SHAFTS OK 
U-JOINTS OK 
HALFSHAFTS AND 


INSPECT THE GEARED HUBS. VISUAL 


ARE THEY OK? 


CV JOINTS OK 


POSSIBLE PROBLEMS 


GEARED HUBS 
DIFFERENTIALS 


REASON FOR QUESTION 
The geared hubs transmit 
power from the drivetrain 

to the wheels. 


(No) REPLACE AS 
NEEDED. 


Ces) 
BS 


CHECK THE FLUID LEVEL AND 
CONDITION IN EACH 
DIFFERENTIAL. IS IT OK? 


TEST OPTIONS 


KNOWN INFO 


SHIFTER OK 

TRANSFER CASE OK 
TRANSMISSION OK 
SHAFTS AND JOINTS OK 
GEARED HUBS OK 


POSSIBLE PROBLEMS 


DIFFERENTIALS 


VISUAL 


REASON FOR QUESTION 
To make sure the differentials 
are OK. 


(No) CHANGE AS 
NEEDED. 


Ces) 


IF YOU STILL HAVE A PROBLEM, 
RUN TRANSMISSION TESTS 
(PARA. 2-40) IF YOU HAVENT 


ALREADY. OTHERWISE, NOTIFY 
DS MAINTENANCE (CHAPTER 14). 
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= REFERENCE INFORMATION DRIVETRAIN 


Make sure the geared hubs turn freely. 
For geared hub replacement procedure 
refer to[para, 6-9] Check mounting 
hardware for proper installation. 


Lubricate in accordance with 
TM 9-2320-387-10. 


t 


Check for loose mounting and broken 
parts. Notify GS maintenance 
(chapter 30). 


Check fluid leve! in accordance with 
TM 9-2320-387-10. 


Notify DS maintenance (chapter 14) 
for other faults. 


FILL PLUG 
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Cc 
DRIVETRAIN FROM 3, DIAGNOSTIC FLOWCHART 


Page 2-454 


SPEEDOMETER DOESN'T DISCONNECT THE SPEEDOMETER TURN THE CABLE AND HAVE 
TANT SEE IF THE 
oo CABLE FROM THE TRANSFER Rep oe a 


CASE. TURN THE CABLE BY HAND. 
DOES THE SPEEDOMETER 
RESPOND TO THE CABLE? 


ONLY MOVE ALITTLE, SO 
WATCH CLOSELY. 


POSSIBLE PROBLEMS 


DRIVEN GEAR 
CABLE 
SPEEDOMETER HEAD 


REASON FOR QUESTION 
if the speedometer moves in 
response to the cable, it means 
the driven gear or the drive gear 
is no good. 


(No) SEE NOTE 
AT RIGHT. 


esc 


HAVE AN ASSISTANT TURN 
ONE END WHILE YOU 
WATCH THE OTHER. 


SPEEDOMETER 
DOESN'T WORK 
DRIVEN GEAR OK 


DISCONNECT THE SPEEDOMETER 
CABLE FROM THE SPEEDOMETER. 
AGAIN, TURN THE CABLE BY 

HAND AT THE TRANSFER CASE. 
DID THE SPEEDOMETER END OF 
THE CABLE TURN? 


REASON FOR QUESTION 
This will tell you if the cable is OK. 


POSSIBLE PROBLEMS 


CABLE 
SPEEDOMETER 


(No) REPLACE 
CABLE. 


<5 


REPLACE 
SPEEDOMETER. 
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REFERENCE INFORMATION 


A NO answer means the speedometer did move. 


NOTE 


‘If you answer NO, check the driven gear in the 


transfer case. If it's OK, the problem is the 


drive gear. Notify DS maintenance (chapter 14). 


Replace the driven gear|(para. 5-17). 


Replace the cable[{para. 4-78). 
Replace speedometer|(para. 4-17)] 


TM 9-2320-387-24-1 


DRIVETRAIN 


CABLE ADAPTER 


SPEEDOMETER 


ad, CABLE 


PINION ADAPTER 


TRANSFER CASE 


DRIVEN GEAR 


SPEEDOMETER 


SPEEDOMETER — 
CABLE CASING SS 


SPEEDOMETER 
CABLE 
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2-44. WINCH SYSTEM TESTS 


These winch system tests may be run any time you think you have a winch problem or if you 
were sent here by another test chain. Just follow the path and answer the questions. Additional 
information and notes are given on the facing page when necessary. 
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WINCH SYSTEM 


NOTHING 


FOSSIBLE PROBLEMS 


WINCH CABLE 

WINCH CONTROL CABLE 
CONNECTOR 

WINCH POWER CABLES 

WINCH 

WINCH CONTROL 


WINCH CONTROL CABLE 
CONNECTOR 

WINCH POWER CABLES 

WINCH 

WINCH CONTROL 


KNOWN INFO 


WINCH CABLE OK 
WINCH CONTROL CABLE 
CONNECTOR OK 


POSSIBLE PROBLEMS 


WINCH POWER CABLES 
WINCH 
WINCH CONTROL 
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TEST OPTIONS 
VISUAL 


IS WINCH CABLE BOUND? 


REASON FOR QUESTION 
A loose winch cable may cause 
the winch not to operate 
property. 


TEST OPTIONS 


IS WINCH CONTROL CABLE VISUAL 
CONNECTOR FREE FROM 


LOOSENESS OR CORROSION? 


REASON FOR QUESTION 
Looseness and corrosion at 
winch cabies and connectors 
will interfere with the proper 
operation of the winch. 


CLEAN CORRODED 
CONNECTOR OR 
SECURE LOOSE 

CONNECTION. 


TEST OPTIONS 
1. STE/ICE-R TEST 89 (Page 2-506) 


ARE WINCH POWER CABLES 
FIRMLY SECURED AND NOT 
DAMAGED? IS BATTERY 
VOLTAGE PRESENT IN POSITIVE 
LEAD 6 AND NEGATIVE LEAD 7? 


2. MULTIMETER 


3. VISUAL 


REASON FOR QUESTION 
When winch power cables are 
loose or damaged, winch will 

not operate properly. 


REPAIR/REPLACE 
WINCH POWER CABLE. 


wa 
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GO TO 4, 


DIAGNOSTIC FLOWCHART 
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REFERENCE INFORMATION WINCH SYSTEM 


DC VOLTAGE 0-45 VOLTS 
STE/ACE-R TEST 89 


1.Connect RED clip to the indicated test point, 
BLACK clip to negative or ground. 


2. Start Test 89, DC Volts. 


3. Displayed reading is in voits. 


BATTERY VOLTAGE 
MULTIMETER 


1. Set the voltmeter to a DC volts scale of at least 
40 volts. 


Repair/replace winch power cables 
(para. 12-28). 


2. Connect the RED lead to positive and the 
BLACK lead to negative. 


3. Be sure to read the correct scale. 
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WINCH SYSTEM DIAGNOSTIC FLOWCHART 


FROM 3, 
PAGE 2-472 


DISCONNECT WINCH CONTROL 


KNOWN INFO 


WINCH POWER 
CABLES OK 


TEST OPTIONS 


1. STE/ICE-R TEST 91 


WINCH CABLE OK CABLE. IS CONTINUITY PRESENT (rage 2-502) 
WINCH CONTROL BETWEEN COMMON TERMINAL >. MULTIMETER 
a a 471 AND 472 IN AND 471 AND 473 
OUT? 
REASON FOR QUESTION 
WINCH If continuity is present in both 


positions, winch is inoperative. If 
continuity in not present in both 
positions, winch control 

is inoperative. 


WINCH CONTROL 


REPLACE WINCH OR 
WINCH CONTROL. 


NO FAULTS FOUND. 
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REFERENCE INFORMATION 


Replace winch or winch control (para. 12-27). 


471 


472 


CONTINUITY (RESISTANCE) 
MULTIMETER 
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WINCH SYSTEM 


RESISTANCE AND CONTINUITY 
0-4,500 OHMS 
STEACE-R TEST 91 


4. Connect RED clip and BLACK clip to the 
indicated terminals in question; RED to the 


first, BLACK to the second. 


2. Start Test 91, 0-4,500 Ohms. 


3. Displayed reading is in ohms. Less than 
5 ohms is continuity. {f the resistance is over 
4,500 ohms, STE/ICE-R displays .9.9.9.9. 


1. Set the voltmeter to an ohms scale of about 
1,000 ohms. 


2. Connect the RED and BLACK leads to the 
connections stated in the question. 


3. Be sure to read the correct scale. Less than 
5 ohms indicates continuity. For an open 
circuit, the meter should peg full scale 

(needle all the way to the left). 
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UP-ARMOR CARRIERS > DIAGNOSTIC FLOWCHART 


TEST OPTIONS 
VISUAL 


NOTHING 


DOES WEAPON STATION 
ROTATE PROPERLY? 


POSSIBLE PROBLEMS REASON FOR QUESTION 
If the lockpin in the turret lock 
assembly binds, sticks, is 

damaged, or out of alignment, 


weapon station will not rotate. 


TURRET LOCK 
ASSEMBLY LOCKPIN 
BRAKE HANDLE 


REPLACE TURRET 
LOCK ASSEMBLY. 


KNOWN INFO | 2 | 


TURRET LOCK IS BRAKE HANDLE IN PROPER 
ASSEMBLY OK POSITION? 


TEST OPTIONS 
VISUAL 


REASON FOR QUESTION 
Weapon station will not lock if 
brake handle is not in locked 

position. 


POSSIBLE PROBLEMS 


BRAKE HANDLE 


PLACE BRAKE 
HANDLE IN 
LOCKED POSITION. 


OTHER CAUSES; 
NOTIFY DS 

MAINTENANCE 

(CHAPTER 14). 
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REFERENCE INFORMATION UP-ARMOR CARRIERS 


Replace turret lock assembly (para. 11-56). 


Place brake handle in locked position 
(TM 9-2320-387-10). 
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2-45. DCA TROUBLESHOOTING 


These diagnostic connector assembly tests can be run any time you think there is a problem 
with the vehicle's DCA or its on-board transducers. Do not use this paragraph to test the 
STE/ICE-R and its cables and transducers. Refer to TM 9-4910-571-12&P to test the 
STE/ICE-R. This paragraph will also supply instructions on how to use the STE/ICE-R in the 
TK mode to substitute for tests run through the DCA. 


The HMMWYV is equipped with three transducers — the pulse tachometer, the fuel pressure 
transducer, and the current shunt. A power test (12, 13) or rpm test (10) use the pulse 
tachometer. The fuel pressure test (24) uses the pressure transducer. All of the starting circuit 
tests and battery tests done through the DCA use the shunt. Check to see that the wires are 
connected to the transducer for the test you're trying to run. There is a four-wire connector for 
the fuel pressure transducer, a two-wire connector for the pulse tachometer, and there are four 
wires connected to the shunt in addition to the battery cables. 


The fold-out|page FP-29] gives a cross reference between DCA tests and Transducer Kit tests. 


Use this cross reference to find out how to substitute TK tests for DCA tests if you have a bad 
DCA. The Location of Parts page has a schematic of the HMMWV DCA. 


2-479 


TM 9-2320-387-24-1 


DCA TROUBLESHOOTING E> DIAGNOSTIC FLOWCHART 


SEE NOTE TO RIGHT ABOUT 
THIS PARAGRAPH. 


STE/ACE-R OK 
CABLES OK 

TK OK 

RUNNING A DCA TEST 


WERE YOU RUNNING A FUEL 
PRESSURE, RPM, OR POWER 
TEST? 


REASON FOR QUESTION 
You need to know which 
transducer is causing the 
problem. 


POSSIBLE PROBLEMS 


DCA 
TRANSDUCERS 
VEHICLE SYSTEMS 


(No) GOTO A, 
Page 2-484 
Cyes) 


WERE YOU RUNNING STE/ICE-R 
TEST 24, FUEL PRESSURE? 


TEST OPTIONS 


STEACE-R OK 
W1 CABLE OK 


POSSIBLE PROBLEMS 


DCA 
TRANSDUCERS 


VEHICLE SYSTEMS 
(No) GOTOB, 
Page 2-486 


REASON FOR QUESTION 
You need to know which 
transducer is causing the 
problem. 


TEST OPTIONS 


VISUAL 


STEACE-ROK DISCONNECT CONNECTOR 
DIRECTLY BEFORE FUEL 

PENNING TEST 28 PRESSURE TRANSDUCER. 
INSPECT FOR BENT PINS. 


DOES EVERYTHING LOOK OK? 


POSSIBLE PROBLEMS 


REASON FOR QUESTION 
If the transducer pins are bent 
or broken, you will get bad 

measurements. 


DCA 
TRANSDUCERS 
VEHICLE SYSTEMS 


REPAIR OR 
REPLACE WIRING/ 
TRANSOUCER 
AS NEEDED. 


P 2-482 
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REFERENCE INFORMATION DCA TROUBLESHOOTING 


NOTE 
The diagnostics in this chapter assume you have 
already run a test through the DCA. If you haven't 
run a test and are here to test the entire DCA, run 
Tests 10 (RPM), 24 (Fuel Pressure), and 80 (Battery 
Current). Make note of the results for jater. 


If you want to test the entire DCA harness, answer YES 
here and then return and answer NO when you've 
finished the test chain. Answer NO here to test the shunt. 


Answer NO here to test the pulse tachometer. 


Repair wiring (Para. 4-80) or replace 
transducer( para. 4-30). 
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DCA TROUBLESHOOTING aa DIAGNOSTIC FLOWCHART 


TEST OPTIONS 
STE/ICE-R TEST 49 


STEICE-R OK REMOVE THE FUEL PRESSURE 
TRANSDUCER FROM THE TOP OF 
R ING TEST 24 
WIRING BOR ok THE FUEL FILTER. USE THE 
STE/ICE-R IN THE TK MODE TO 
MEASURE THE FUEL PRESSURE 
WITH THE 25 PSI (172 kPa) (RED) 
ane ea TRANSDUCER. IS THE FUEL 
DCA PRESSURE OK? 
FUEL SYSTEM 


REASON FOR QUESTION 
This will tell if you have a fuel 
system problem or a DCA 
probiem. . 


VEHICLE PROBLEM. 
IF YOU CAME FROM ANOTHER PARAGRAPH, 
RETURN THERE AND FOLLOW THE PATH CORRES- 
PONDING TO A FAILURE OF THE TEST 
YOU WERE RUNNING. 


| KNowNINFo | [5 TEST OPTIONS 


STE/ICE-R OK 

W1 OK 

RUNNING TEST 24 
WIRING LOOKS OK 
FUEL SYSTEM OK 


DID TEST 24 GIVE A CORRECT 
RESULT? 


POSSIBLE PROBLEMS 


REASON FOR QUESTION 
If test 24 gave the same 
result as Test 49, then 
everything is OK. 


TRANSDUCER 
DCA 


é 
RIGHT. 
<5 
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REFERENCE INFORMATION DCA TROUBLESHOOTING 


0 TO 25 PSIG PRESSURE 
STE/CE-R TEST 49 


1. CONNECT RED TRANSDUCER TO FUEL 
FILTER. 


The fuel pressure should always be greater than 3 psi 

(21 kPa). If you get about the same pressure with the 2 
transducers, then you have a fuel system problem. 
Remove fuel pressure transducer |(para. 4-30)| Make sure 
the STE/ICE-R is powered by a W5 cable. 


. CONNECT TRANSDUCER TO A W4 CABLE. 
MAKE SURE THE SYSTEM UNDER TEST 
IS NOT PRESSURIZED. CONNECT OTHER 
END OF W4 TO J2 OR J3. PERFORM 
OFFSET TEST. 


. TURN ON SYSTEM AND READ PRESSURE. 


You will have to decide if Test 24 gave the wrong result. 
If Test 24 gave a substantially different result than Test 
49, answer NO to this question. 


NOTE 


VEHICLE DCA FAULTY. Use the STE/ICE-R in the TK 
mode for the rest of your testing. See the chart on the 
foldout page for a way to run the rest of the DCA tests 
in the TK mode. Have DS maintenance repair the DCA 
when you're finished. 
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DCA TROUBLESHOOTING a ‘ : DIAGNOSTIC FLOWCHART 


Page 2-480 


SEE THE CHART ON THE 
FOLDOUT PAGE AND PERFORM 
THE TK MODE TEST FOR THE 


TEST OPTIONS 


TK MODE TEST THAT 
CORRESPONDS TO DCA TEST 
AS SHOWN ON THE FOLDOUT 
PAGE. 


STEACE-R OK 

CABLES OK 

TK OK 

MEASURING THROUGH 
SHUNT OR ACROSS 


BATTERIES DCA TEST YOU WERE RUNNING. 


If the TK test tells you that the 

vehicle is OK, the problem is in 
the DCA. Otherwise, the 
vehicle itself has a fault. 


SHUNT WIRING 
BATTERY WIRING 
VEHICLE SYSTEMS 

DeA WO) 


VEHICLE PROBLEM. 

IF YOU CAME FROM ANOTHER 
PARAGRAPH, RETURN THERE AND 
FOLLOW THE PATH CORRESPONDING 
TO A FAILURE OF THE TEST 
YOU WERE RUNNING. 


TEST OPTIONS 


VEHICLE OK 
STE/ICE-R OK 
CABLES OK 
TK OK 


DID THE ORIGINAL DCA TEST 
GIVE A CORRECT RESULT? 


POSSIBLE PROBLEMS 


SHUNT WIRING 
BATTERY WIRING 
DCA 


REASON FOR QUESTION 
If you got a substantially 
different test result through 
the DCA, then you have a DCA 
problem. 


(No) SEE NOTE AT 
RIGHT. 


<3 
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REFERENCE INFORMATION DCA TROUBLESHOOTING 


Make sure the STE/ICE-R is powered by a W5 cable. 


If the TK mode test tells you that the vehicle has a fault, 
retum to the paragraph you came from. If the vehicle 
tests OK, continue here. 


You will have to decide if the DCA test result is wrong. If 
the TK test gave a substantially different result than the 
DCA test, answer NO to this question. 


NOTE 
VEHICLE DCA FAULTY. Use the STECE-R 
in the TK mode for the rest of your testing. 
See the chart on the foldout page for a way 
to run the rest of the DCA tests in the TK 
mode. Have DS maintenance repair the DCA 
when you're finished. 


You can check the connections at the shunt and the 


power stud to see if they are OK. Look at the schematic 
for help. 
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DCA TROUBLESHOOTING oars DIAGNOSTIC FLOWCHART 


Page 2-480 


TEST OPTIONS 


VISUAL INSPECTION - CHECK 
FOR BROKEN WIRES OR 


STEACE-R OK 


CABLES OK REMOVE THE TACHOMETER 


TK OK USING PULSE FROM THE ENGINE AND eee eee 
TACHOMETER 9 PARTS. AL 
INSFEGT IT AS TE OK: IN THE OIL PUMP DRIVE. 


POSSIBLE PROBLEMS 


TACHOMETER 
VEHICLE SYSTEMS 
DCA 


REASON FOR QUESTION 
If the tachometer is no good, you 
can't expect good test results. 


(No) REPLACE 
TACHOMETER. 


<> 


INSTALL THE TACHOMETER 
FROM THE TK KIT. RUN THE 
ORIGINAL TEST WITH THE 
VEHICLE TEST METER IN THE TK 
MODE. IS THE VEHICLE OK? 


TEST OPTIONS 


SEE THE CHART ON THE 
FOLDOUT PAGE TO RUN THE 
TK VERSION OF THE 

TEST YOU WANT. 


KNOWN INFO 


VEHICLE TACHOMETER 
OK 
STEACE-R OK 


REASON FOR QUESTION 


You want to know if the vehicle 
is OK. 


POSSIBLE PROBLEK.. 


VEHICLE SYSTEMS 
DCA 


VEHICLE PROBLEM. 
IF YOU CAME FROM ANOTHER 
PARAGRAPH, RETURN THERE AND FOLLOW 
THE PATH CORRESPONDING TO A 
FAILURE OF THE TEST YOU 
WERE RUNNING. 


TEST OPTIONS 


VEHICLE OK 
STEACE-R OK 
CABLES OK 
TK OK 


DID THE ORIGINAL DCA TEST 
GIVE A CORRECT RESULT? 


POSSIBLE PROBLEMS 


DCA 


REASON FOR QUESTION 
If you got a substantially 
different test result through 
the DCA, then you have a DCA 


(No) SEE NOTE TO 
problem. 


RIGHT. 
Ces) 
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REFERENCE INFORMATION 


Remove tachometer (para. 4-16). If you find the tachometer 
defective, replace it and retum to where you came from and 
rerun the original DCA test. !f it fails again, retum to this 
question and answer YES. 


Make sure the STEACE-R is powered by the W5 cable. 


If you don't find any faults in the vehicle, the slotin the 
oil pump drive could be too worn to drive the tachometer. 
If you see this, notify OS maintenance (chapter 14). 


You will have to decide if the DCA test result is wrong. 
If the TK test gave a substantially different result than 
the DCA test, answer NO to this question. 


NOTE 
VEHICLE DCA FAULTY. Use the STE/ICE-R in the 
TK mode for the rest of your testing. See the chart 
on the foldout page for a way to run the rest of the 
DCA tests in the TK mode. Have DS maintenance 
repair the DCA when you're finished. 
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DCA TROUBLESHOOTING 
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2-46. STE/ICE-R TEST PROCEDURES 


This paragraph will be helpful when using the STE/ICE-R to answer diagnostic questions. Use this 
paragraph as a reference if you need additional information about a specific test. This paragraph 
contains information such as possible errors, test procedures, contro! codes, and additional notes as 
necessary. The following chart will help you find the test you need. The STE/ICE-R setup and internal 
checks (Test No. GO1|, page 2-519} must be performed prior to performing tests. A compiete description 


and operation of the STE/ICE-R is found on|page 2-509] See TM 9-4910-571-12&P for additional 
information. 


TEST NAME TEST # 
ENGINE RPM (AVERAGE) 10 
POWER TEST (RPM/SEC) 42 
POWER TEST (PERCENT) 13 
COMPRESSION UNBALANCE TEST 14 
FUEL SUPPLY PRESSURE (PSI) 24 
PRESSURE (PSI) 0 TO 1,000 50 
BATTERY VOLTAGE 67 
STARTER MOTOR VOLTAGE 68 
STARTER NEGATIVE CABLE VOLTAGE DROP 69 
STARTER SOLENOID VOLTS 70 
STARTER CURRENT AVERAGE 71 
CURRENT FIRST PEAK 72 
BATTERY INTERNAL RESISTANCE 73 
STARTER CIRCUIT RESISTANCE 74 
BATTERY RESISTANCE CHANGE 75 
BATTERY CURRENT ae 
DC VOLTAGE 0 TO 45 VOLTS 89 


DC CURRENT 0 TO 1,500 AMPS 80 
RESISTANCE AND CONTINUITY 0 TO 4,500 OHMS gq 
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2-46. STE/ICE-R TEST PROCEDURES (Cont'd) 


ENGINE RPM (AVERAGE) TEST #10 


Description: Pre-Test Procedures: 


This procedure measures engine Run confidence test. 
speed in the range 50 to 5,000 rpm. At 

speeds below 50 rpm, the VTM will 

display 0. At speeds above 5,000 rpm, 

the display may give a false reading. 

Test requires DCA hookup only. 


Typical Applications: Possible Error Messages: 
Check engine speed. E014 Incorrect number of cylinders 
entered. 


Test Procedure: 


1. Set TEST SELECT switches to 10. 
2. Press and release TEST button. 

3. Start engine. 

4. Observe displayed value (RPM). 
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2-46. STE/ICE-R TEST PROCEDURES (Cont'd 


POWER TEST (RPM/SEC) TEST #12 


Description: 


This procedure measures an engine's 
power-producing potential in units of 
RPM/SEC. Test requires DCA hookup 
only. 


Typical Applications: 


Check engine power in units of 
RPM/SEC. 


Test Procedure: 


. Start and idle engine. 

. Set TEST SELECT switches to 10. 

. Press and release TEST button. 

. Observe displayed value (RPM) to adjust idle 
speed, if necessary. 

. Press down sharply on accelerator and 
observe displayed value (RPM) to adjust 
governor speed, if necessary. 

. Set TEST SELECT switches to 12. 

. Press and release TEST button. 

. Wait for prompting message CIP to appear. 

. When CIP appears on display, press down 
sharply on engine accelerator and hold it to 
the floor. When VTM displays a number, 
release accelerator. 

10. Observe displayed value (RPM/SEC). 


on &QWN — 


OOND 


Pre-Test Procedures: 


Run confidence test. Warm up 
engine to operating temperature. 


Possible Error Messages: 


E009 Engine not running at start 
of test. 

£011 Throttle contro! operated 
incorrectly. 

£012 Ignition adapter/pulse 
tachometer missing. 

E014 Incor.ect number of 
cylinder entries. 

£033 Error in entry of power test 
constants. 


NOTES: 


Engine idle speed must be checked 
before performing power test. idle 
speed must be approximately 

675 rpm to run test. 

Engine governor no-load speed 
must be checked before performing 
power test. Governor no-load 
speed must be within the 3,600 - 
3,800 rpm range to run test. 
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2-46. STE/ICE-R TEST PROCEDURES (Cont'd 


POWER TEST (PERCENT) TEST #13 


Description: Pre-Test Procedures: 
This procedure measures the percen- Run confidence test. Warm up 
tage of engine's power-producing engine to operating temperature. 


potential as compared to a good engine. 
Test requires DCA hookup only. 


Typical Applications: Possible Error Messages: 
Check engine power. -E009 Engine not running at start 
of test. 
E011 = Throttle contro! operated 
incorrectly. 


E012 Ignition adapter/pulse 
tachometer miss.g. 
E024 = Test not valid for VID 


entered. 
Test Procedure: NOTE: 
1. Start and idle engine. Engine idle speed must be checked 
2. Set TEST SELECT switches to 10. before performing power test. Idle 
3. Press and release TEST button. speed must be approximately 675 
4. Observe displayed value (RPM) to adjust idle rpm to run test. Engine governor 
speed, if necessary. no-load speed must be checked 
5. Press down sharply on on engine accelerator before performing power test. 
and observe displayed value (RPM) to adjust Governor no-load speed must be 
governor speed, if necessary. within the 3,900 - 4,100 rpm range 
6. Set TEST SELECT switches to 13. to run test. 
7. Press and release TEST button. 
8. Wait for prompting message CIP to appear. 
9. When CIP appears on display, press down 


sharply on engine accelerator and hold it to 
the floor. When VTM displays OFF, release 
accelerator. 

10. A number will be displayed after the engine 
has returned to idle speed. This number is the 
test result in units of percent of nominal-rated 
power. 
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2-46. STE/ICE-R TEST PROCEDURES (Cont'd 


COMPRESSION UNBALANCE TEST #14 


Description: 


This procedure compares the compression 
between the highest and lowest cylinders and 
displays the unbalance in percent. Test requires 
DCA hookup only. 


Typical Applications: 


Check compression unbalance of engine with 


Pre-Test Procedures: 
Run confidence test. Warm up engine 
to operating temperature. 


Run first-peak series tests 72, 73, 74, 
75. 


Possible Error Messages: 


E008 VTM doesn't detect battery 


VTM powered from battery of vehicle being voltage. 
tested. E013 VTM cannot use data 
received, 


Test Procedure: 


1. 


Set up engine to prevent starting by disconnecting 
wire 54A. Stop engine. Shut off fuel before 
cranking. Crank engine without fuel for 5 seconds 
to clear fuel from cylinders. 


E027 Error in entry of compression 
unbalance constants. 

E032 Vehicle's cranking speed is 
varying too much for a 
compression unbalance 
measurement.. 


NOTE: 


If E013 appears, test data cannot be 
analyzed because of weak batteries or 


2. Set TEST SELECT switches to 14. interrupted cranking during test. 
3. Press and release TEST button. Correct problem and repeat from 
4. Wait until GO appears on display before step 2. 

proceeding. 
5. When GO appears, crank engine. Display will 


change to ---- while engine is turning. 


. When OFF or E013 appears, stop cranking. 
. lf OFF appears, wait for message to appear. 


(A) The number displayed will be the percent 
unbalance between the highest and lowest cylin- 
ders. A number above 25 is a failure. 

(B) If GO appears, repeat from step 2. 

(C) A FAIL message usually means compression 
is too far unbalanced to measure with STE/ICE. 
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2-46. STE/ICE-R TEST PROCEDURES (Cont'd 


FUEL SUPPLY PRESSURE (PSI) TEST #24 


Description: Pre-Test Procedures: 

This procedure measures the return pressure Run confidence test. Wait for 1 
in order to detect line blockage, leaks, or minute after turning engine off 
insufficient restrictor back-pressure. Test to run this test. 

requires DCA hookup only. 

Typical Applications: Control Functions: 

Fuel supply pressure 01, 02, 03, 04, 06 

Test Procedure: Possible Error Messages: 
1. Tum off vehicle. E005 Offset not performed. 


2. Set TEST SELECT switch to 24. 
3. Press and hold TEST button until 
CAL appears on display. 

4. Release TEST button and wait for 
offset value to appear on display. If 
offset is within -15 to 15, proceed. If 
not, go to DCA Troubleshooting 
Procedure. 

. Press and release TEST button. 

. Start engine. 

. Observe displayed value. 


NOON 
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2-46. STE/JICE-R TEST PROCEDURES (Cont'd 


PRESSURE (PSI) 0 TO 1,000 TEST #50 


Description: 


This procedure measures pressure in the 0 
to 1,000 PSIG range. Test requires the use 
of the TK adapters and transducers. 


Typical Applications: 


Oil pressure 


Test Procedure: 


1 


2. 


SIO Oo 


Attach connector P1 of cable W4 to J2 TK or 
J3 TK. 

Install blue-striped pressure transducer where 
pressure is to be measured. Attach connector 
P2 of cable W4 to transducer. 


. Set TEST SELECT switch to 50. Press and 


hold TEST button until! CAL appears on 
display. 


. Release TEST button and wait for offset value 


to appear on display. If offset is within -150 to 
150, proceed. If not, go to DCA 
Troubleshooting Procedure. 


. Energize system. 
. Press and release TEST button. 
. Observe displayed value. 


Pre-Test Procedures: 


Run confidence test. 


Control Functions: 


01, 02, 03, 04, 06 


Possible Error Messages: 


E005 Offset not performed. 
E002 Transducer not connected. 
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BATTERY VOLTAGE TEST #67 


Description: Pre-Test Procedures: 


This procedure measures battery Run confidence test. 
voltage in the 9 to 32 volts range. The 

voltage is measured directly at the 

power source of the VTM, and may be 

done with the vehicle operating or shut 

down. Test requires DCA hookup only. 


Typical Applications: Control Functions: 

Check battery voltage. 01, 02, 03, 04, 06 

Test Procedure: Possible Error Messages: 
1. Set TEST SELECT switch to 67. None. 


2. Press and release TEST button. 

3. If .9.9.9.9 is displayed, voltage is 
not within the test range. 

4. Observe displayed value (volts). 
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STARTER MOTOR VOLTAGE TEST #68 


Description: 


This procedure measures the voltage 
present at the starter motor positive 
terminal in the 0 - 32 volts range. 
Test requires DCA hookup only. 


Typical Applications: 


Check starter motor voltage. 


Test Procedure: 


1. Disconnect fuel solenoid wire 54A to prevent 
starting. 

2. Set TEST SELECT switch to 68. 

3. Press and release TEST button. 

4. Crank the engine and observe the displayed 
voltage. 


Pre-Test Procedures: 


Run confidence test. 


Control Functions: 


01, 02, 03, 04, 06 


Possible Error Messages: 


None. 
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STARTER NEGATIVE CABLE VOLTAGE DROP TEST #69 


Description: Pre-Test Procedures: 


This procedure measures the voitage drop Run confidence test. 
on the starter path. A high voltage (>2V) 

indicates excessive ground path resistance. 

Test requires DCA hookup only. 


Typical Applications: Control Functions: 
Check starter negative cable voltage drop. 01, 02, 03, 04, 06 
Test Procedure: Possible Error Messages: 
1. Disconnect fuel solenoid wire 54A to prevent None. 
starting. 


2. Set TEST SELECT switch to 69. 

3. Press and release TEST button. 

4. Crank the engine and observe the displayed 
voltage. 
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STARTER SOLENOID VOLTS TEST #70 


Description: Pre-Test Procedures: 


This procedure measures the voltage present Run confidence test. 
at the starter solenoids positive terminal. Test 
requires DCA hookup only. 


Typical Applications: Control Functions: 
Check starter solenoid volts. 01, 02, 03, 04, 06 
Test Procedure: Possible Error Messages: 
1. Disconnect fuel solenoid wire 54A to prevent None. 
starting. 


2. Set TEST SELECT switch to 70. 

3. Press and release TEST button. 

4. Crank the engine and observe the displayed 
voltage. 
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STARTER CURRENT AVERAGE TEST #71 


Description: Pre-Test Procedures: 


This procedure measures the average starter Run confidence test. 
current in the 0 - 1,000 amps range. Test 
requires DCA hookup only. 


Typical Applications: Control Functions: 

Check starter current. 01, 02, 03, 04, 06 

Test Procedure: . Possible Error Messages: 

1. Disconnect fuel solenoid wire 54A to prevent E005 Offset not performed. 
starting. 


2. Set TEST SELECT switch to 71. 

3. Press and hold TEST button until CAL 

appears on display. 

4. Release TEST button and wait for offset 
value to appear on display. If offset is within 
-150 to 150, proceed. if not, go to DCA 
Troubleshooting Procedure. 

. Press and release TEST button. 

. Crank engine. 

. Observe the displayed starter current. 


NOW 
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CURRENT FIRST PEAK TEST #72 


Description: 


This procedure measures the overall condition 
of the complete starting system. Test requires 
DCA hookup only. 


Typical Applications: 


Check condition of starting system on Ci engines 
with VTM being powered from battery of vehicle 
tested. 


Test Procedure: 


& WP 


. Disconnect fuel solenoid wire 54A to prevent 


starting. 


. Make sure all vehicle accessories are off. 
. Set TEST SELECT switches to 72. 
. Press and hold TEST button until CAL appears 


on display. 


. Release TEST button and wait for offset value 


to appear on display. If offset is within the range 
-150 to 150, proceed. If not, go to DCA 
Troubleshooting Procedure. 


. Press and release TEST button. 
. When GO appears on display, crank engine for 


2 seconds or until one of the following appears 
on the display: OFF 

9.9.9.9 

A number 

An error message 


. Observe displayed value (amps). 


Pre-Test Procedures: 


Run confidence test. Warm up engine to 
operating temperature. Turn off all electrical 
accessories. 


Possible Error Messages: 


E002 Transducer not connected. 

E005 Offset not performed. 

E008 VTM does not detect battery voltage. 

E013 VTM cannot use data received. 

E020 No first-peak information was detected by 
the VTM. 

E021 VTM cannot calculate result because 
current is over current probe's range. 


NOTES: 


If .9.9.9.9 is displayed, current first-peak was 
too high and cannot be measured with VTM. 


{f E013 is displayed, check battery connections 
and correct as necessary. Repeat step 6. If 
E013 persists after 3 tests, VIM cannot 
perform test. 
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2-502 


BATTERY INTERNAL RESISTANCE TEST #73 


Description: 


This procedure measures the internal battery 
resistance. Internal battery resistance is a 
measure of the state of the batteries. Test 
requires DCA hookup only. 


Typical Applications: 


Evaluate batteries on Cl engines with VTM 
being powered from battery of vehicle tested. 


Test Procedure: 


1. Disconnect fuel solenoid wire 54A from the 
injector pump to prevent starting. 

2. Make sure all vehicle accessories are off. 

3. Set TEST SELECT switches to 73. 

4. Press and hold TEST button until CAL 
appears on display. 


5. Release TEST button and wait for offset value 


to appear on display. If offset is within the 


-150 to 150 range, proceed. If not, go to DCA 


Troubleshooting Procedure. 

6. Press and release TEST button. 

7. When GO appears on display, crank engine 
for 2 seconds or until one of the following 
appears on the display: OFF 

9.9.9.9 
A number 
An error message 

8. Observe displayed value (milliohms). The 
limit is 25 milliohms per battery pair. 

9. Test 75 is Battery Resistance Change. You 
can run that test after this one if desired. 


Pre-Test Procedures: 


Run confidence test. Turn off all electrical 
accessories. 


Possible Error Messages: 


E002 Transducer not connected. 

E005 Offset not performed. 

E008 VTM does not detect battery voltage. 

£013 VTM cannot use data received. 

E020 No first-peak information was 
detected by the VTM. 

£021 VTM cannot calculate result because 
current is over current probe's range. 


NOTES: 


If 9.9.9.9 is displayed, battery internal 
resistance was too high and cannot be 
measured with VTM. 


If £013 is displayed, check battery 
connections and correct as necessary. 
Repeat Step 6. If E013 persists after 3 
tests, VTM cannot perform test. 
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STARTER CIRCUIT RESISTANCE TEST #74 


Description: 


This procedure measures starter circuit 
resistance. Test requires DCA hookup only. 


Typical Applications: 


Check resistance of complete starting system 
in Cl engines with VTM powered from batteries 
of vehicle being tested. 


Test Procedure: 


& Wf 


. Disconnect fuel solenoid wire 54A to prevent 


starting. 


. Make sure all vehicle accessories are off. 
. Set TEST SELECT switches to 74. 
. Press and hold TEST button until CAL appears 


on display. 


. Release TEST button and wait for offset value 


to appear on display. If offset is within the 
range -150 to 150, proceed. If not, go to DCA 
Troubleshooting Procedure. 


. Press and release TEST button. 
. When GO appears on display, crank engine for 


2 seconds or until one of the following appears 
on the display: OFF 

9.9.9.9 

A number 

An error message 


. Observe displayed value (milliohms). 


Pre-Test Procedures: 


Run confidence test. Warm up engine to 
operating temperature. Turn off all electrical 
accessories. 


Possible Error Messages: 


£002 Transducer not connected. 

E005 Offset not performed. 

E008 VTM does not detect battery voltage. 

E013 VTM cannot use data received. 

E020 _ No first-peak information was detected 
by the VTM. 

£021 VTM cannot calculate result because 
current is over current probe's range. 


NOTES: 


If .9.9.9.9 is displayed, the starter circuit 
resistance value was too high and cannot 
be measured with VTM. 


If E013 is displayed, check battery 
connections and correct as necessary. 
Repeat Step 6. If E013 persists after 3 
tests, VTM cannot perform test. 
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2-504 


BATTERY RESISTANCE CHANGE TEST #75 


Description: 


This procedure measures the change of battery 
resistance. Test requires DCA hookup only. 


Typical Applications: 


Evaluate batteries in Cl engines with VTM 
powered from batteries of vehicle being tested. 


Test Procedure: 


& WN 


. Disconnect fuel solenoid wire 54A to prevent 


Starting. 


. Make sure all vehicle accessories are off. 
. Set TEST SELECT switches to 75. 
. Press and hold TEST button until CAL appears 


on display. 


. Release TEST button and wait for offset value 


to appear on display. If offset is within the -150 
to 150 range, proceed. If not, go to DCA 
Troubleshooting Procedure. 


. Press and release TEST button. 
. When GO appears on display, engage starter 


for 2 seconds or until one of the following 
appears on the display: OFF 

9.9.9.9 

A number 

An error message 


. Observe displayed value (milliohms/seconds). 


The limit is 50 milliohms per battery pair. 
A lower number is better than a higher one. 


Pre-Test Procedures: 


Run confidence test. Warm up engine to 
operating temperature. Tum off all electrical 
accessories. 


Possible Error Messages: 


£002 Transducer not connected. 

£005 Offset not performed. 

E008 VTM does not detect battery voltage. 

E013 VTM cannot use data received. 

E020 No first-peak information was detected 
by the VTM. 

E021 VTM cannot calculate result because 
current is over current probe's range. 


NOTES: 


if 9.9.9.9 is displayed, the battery resis- 
tance change value is beyond the range of 
the VTM and cannot be measured with the 
VT™M. 


lf E013 is displayed, check battery 
connections and correct as necessary. 
Repeat Step 6. If E013 persists after 3 
tests, VTM cannot perform test. 
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BATTERY CURRENT TEST #80 


Description: 


This procedure measures current to or from 
the battery. Test requires DCA hookup only. 


Typical Applications: 


Evaluate batteries in C! engines. 


Test Procedure: 


1. Set TEST SELECT switch to 80. 

2. Press and hold TEST button until CAL 
appears on display. 

3. Release TEST button and wait for offset 
value to appear on display. If offset is within 
-150 to 150, proceed. If not, go to DCA 
Troubleshooting Procedure. 

4. Press and release TEST button. 

5. Observe displayed value (amps). 


Pre-Test Procedures: 


Run confidence test. 


Control Functions: 


01, 02, 03, 04 


Possible Error Messages: 


E005 Offset not performed. 
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DC VOLTAGE 0 TO 45 VOLTS TEST #89 


Description: Pre-Test Procedures: 


This procedure measures voltage in the range of Run confidence test. 
-45 to 45 volts. The VTM is used as a DC voltmeter 

with the decimal point in the correct position. This 

test must be done with the component being tested 

turned on. Test requires the use of the TK adapters 

and transducers. 


Typical Applications: Control Functions: 
¢ Fuel solenoid 01, 02, 03, 04, 06 

¢ Starter solenoid 

e Alternator output 


¢ Any DC voltage measurement 


Test Procedure: Possible Error Messages: 
1. Connect test probe cable W2. Attach P'1 to J4. E00S Offset not performed. 

2. Connect the desired test leads to P2. 

3. Set TEST SELECT switch to 89. 

4. Short leads together. Press and hold TEST 


button until CAL appears on display. 

5. Release TEST button and wait for offset value to 
appear on display. 

6. If offset is within -6.8 to 6.8, proceed. If not, go 
to DCA Troubleshooting Procedure. 

7. Press and release TEST button. Observe 
displayed value. 
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DC CURRENT 0 TO 1,500 AMPS TEST #90 


Description: 


This procedure measures DC current in the range of 
0 to 1,500 amps. The VTM is used as an ammeter 
with the decimal point in the right position. This test 
may be done with the vehicle/equipment operating. 
Test requires the use of the TK adapters and 
transducers. 


Typical Applications: 


e Alterator output 

¢ Average starter current 

¢ Battery current 

« Any DC current up to 1,500 amps 


Test Procedure: 


1. Connect test probe cable W4. 

2. Attach P1 to J2 or J3. Connect the current 

probe to P2. 

. Set TEST SELECT switch to 90. 

. Clamp probe to de-energized wire. 

. Press and hold TEST button until CAL appears 

on display. 

6. Release TEST button and wait for offset value 
to appear on display. If offset is within 225 to 
-225, proceed. If not, go to OCA 
Troubleshooting Procedure. 

7. Energize circuit. Press and release TEST 
button. 

8. Observe displayed value. A negative reading 
indicates the probe is backwards. Reverse and 
repeat from Step 4. 


mn & 


Pre-Test Procedures: 


Run confidence test. 


Control Functions: 


01, 02, 03, 04, 06 


Possible Error Messages: 


E002 Transducer not connected. 
E005 Offset not performed. 
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RESISTANCE AND CONTINUITY 0 TO 4,500 OHMS TEST #91 


Description: Pre-Test Procedures: 


This procedure measures resistance in the range Run confidence test. 
of 0 to 4,500 ohms. The VTM is used as an ohm- 

meter, and test results are always displayed with 

the decimal point in the right position. Additionally, 

any voltage present in the device being tested will 

adversely affect test results. Make sure the circuit 

or component being tested is shut off. Test re- 

quires the use of the TK adapters and transducers. 


Typical Applications: Control Functions: 


* Continuity checks 01, 02, 03, 04, 06 
e Resistance measurements 
¢ Switch and relay functions 


Test Procedure: Possible Error Messages: 
1. Connect test probe cable W2. Attach P1 to J4. E005 Offset not performed. 

2. Connect the desired test leads to P2. E022 External voltage 

3. Set TEST SELECT switch to 91. detected while 

4. Short leads together. Press and hold TEST measuring resistance. 


button until CAL appears on display. 

5. Release TEST button and wait for offset value to 
appear on display. 

6. If offset is within -225 to 225, proceed. If not, go 
to DCA Troubleshooting Procedure. 

7. Press and release TEST button. Observe 
displayed vz tue. 
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a. STE/ICE-R Description and Operation. The following describes the operation of the Simplified Test 
Equipment/Internal Combustion Engines-Reprogrammable (STE/ICE-R) system and contains detailed 
operating procedures. It is used to test the serviceability of HMMWV vehicles and to perform primary fault 
detection and isolation. After the technician has identified a faulty part or subsystem, he is referred to a 
paragraph number for replacement or repair procedures for individual parts. 


b. Description and Operatica. STE/ICE-R is a testing system that performs tests and measurements on 
internal combustion engines. STE/ICE-R measures standard voltage, current, resistance, pressure, temperature, 
and speed. Special tests, such as compression balance tests and starter system evaluations, are performed by 
STE/ICE-R. Standard equipment functions, including vacuum pressure gauge, compression gauge, low- 
current tester and multimeter, are features of the STE/ICE-R set. STE/ICE-R is portable and operates on 
either 12- or 24-volt vehicle batteries or equivalent power source. The STE/ICE-R system consists of a Vehicle 
Test Meter (VTM), a Transducer Kit (TK), four electrical cables, a transit case, and technical publications. 


c. Vehicle Test Meter. 


L General. The VIM provides a method for the technician to test vehicle electrical and mechanical 
components. Readings are either pass/fail indications or digital displays in units familiar to the technician 
(psi, rpm, volts, ohms, amps, etc.). The Diagnostic Connector Assembly (DCA) is permanently mounted in the 
vehicle and provides accessibility to the most frequently needed test points. The use of the VIM through the 
DCA is referred to as DCA mode. The VIM interfaces with the vehicle directly with a transducer(s) from the 
Transducer Kit (TK). The use of the VTM through the TK is referred to as TK mode. The DCA and the TK 
can be used at the same time. This may be necessary when the diagnostic connector assembly has a missing 
transducer. If a transducer is missing, a no sensor indication (E002) is displayed when a measurement is 
made. If this happens, the TK mode can be used to make the measurement. The use of the VIM through the 
DCA and TK is referred to as the combined mode. Additional tests can be done that involve manually probing 
and/or connecting transducers to appropriate test points. Operating power for the VIM is drawn from the 
vehicle batteries or some equivalent battery source. Power is routed to the VIM through the DCA connected 
to the battery. The STE/ICE-R general purpose testing capabilities that may be applied to the vehicle are: 
0-1,000 psi pressure, 0-45 volts DC, and 0-40k ohms resistance. The following control functions can be 
performed in conjunction with the special tests: Interleave (displays rpm with next test), Display Maximum 
Value, Display Minimum Value, and Display Peak-to-Peak Value. 


2. Controls and Indicators. The controls and readout display on the VTM are illustrated. The 
following paragraphs describe how the controls are used and how the display functions: 


(a) Power Switch (PUSH ON/PULL OFF). The power switch controls DC power to the VIM. The 
VTM can operate from a 12-or 24-volt battery system. When the power switch is pushed in (PUSH ON), the 
VTM power is on. To shut the VTM off, pull out the power switch (PULL OFF). The power switch contains a 
4-amp circuit breaker. The power switch will pop out automatically if something is wrong which causes the 
VTM to use more power than it should. If the switch pops out, check your hookup carefully and try again 
before returning the VTM to direct support maintenance. 


(b) TEST SELECT Switches. The TEST SELECT switches are used to select the actual test to be 
performed. There are 10 positions on each switch numbered 0 through 9. The number dialed into these 
switches is read by the VTM when you press the test button. Changing the TEST SELECT switch positions 
has no effect until the TEST button is pushed. 


(c) TEST Button. Depressing and releasing the TEST button causes the test measurement to begin. 
Observe the measured value on the readout display. The reading will be in units normally used for the 
particular vehicle measurement. These units are listed on the flip cards. The TEST button must be pressed 
and immediately released. Depressing and holding the TEST button down initiates an offset test. Offset tests 
are described in TM 9-4910-571-12&P. 
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(d) Readout Display. The readout display will show different types of readouts during testing up toa 
maximum of four characters (for example, .8.8.8.8). The types of readouts are described in detail in paragraph 
3 and are summarized as follows: 

(1) Status Readout. This type of readout keeps the technician informed of what is happening, such as 
power applied, failed test, etc. 

(2) Numerical Readout. This type of readout is the measured value in units of the measurement being 
made. If you are measuring 0-45 volts DC, the number 24 on the display indicates 24 volts. 

(3) Error Readout. This type of readout indicates that the wrong test number was selected, the 
transducer is not connected, or the VIM is faulty. 

(e) Flip Cards. The flip cards list the 2-digit test number system for selecting the various tests. The 
cards also summarize the test and operating instructions contained herein. 

(f) Power/DCA Connector J1. Connector J1 connects the VIM to either a vehicle diagnostic connector 


using the DCA cable or to the vehicle batteries using the power cable. Operating power and signals from the 
installed transducers are supplied to the VIM through the DCA cable. 


POWER/DCA TRANSDUCER 
CONNECTOR CABLE CONNECTORS 


TEST PROBE 
CABLE 


CONNECTOR 
= READOUT 
DISPLAY 
of sf 
FUP e . 
CARDS > = ® 
Hea, 
| | 
TEST 
TEST SELECT Soran 
@|| © PusH on 
O ©. 
© PULL OFF TEST } 
© © © 


VTM CONTROLS AND READOUT DISPLAY 
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(g) Transducer Cable Connectors J2, J3. Connectors J2 or J3 connect the VIM to any transducer in 
the transducer kit. Operating power is supplied to the transducer and signals from the transducers are 
supplied to the VIM through the cable. Connectors J2 and J3 are identical and can be interchanged with 
each other or used in combination. 


(h) Test Probe Cable Connector J4. Connector J4 connects test leads to the VIM when doing 
manuai voltage resistance tests. 


oS ’ CABLE ASSEMBUES 


SIMPLIFIED TEST EQUIPMENT/INTERNAL COMBUSTION ENGINE-REPROGRAMMABLE (STE/ICE-R SYSTEM) 
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3. Readouts. The following paragraphs describe the different types of readouts that can occur during 
testing. 

(a) Status Readout. A status readout keeps the technician informed about what is happening. For 
example, .8.8.8.8 is displayed each time the power switch is pushed on. It means that power is applied, and 
that all elements of the display are operative. It changes to -—- 1.5 seconds later, indicating that the VIM is 
ready to be used for testing. The status readout displays are described inj table 2-2} 


(b) Prompting Message. A prompting message is a technician action message. It is a signal for you to 
do something such as crank the engine. For example, UEH tells you to enter the vehicle type identification 
number into the VIM. After the technical action is performed, the test will automatically continue. 


Prompting messages are listed irf table 2-3] 


WER 


(c) Numerical Readout. A numerical readout is the measured value in units of the measurement 
being made. For example, if you are measuring 0-45 volts DC, 12.7 is volts DC. If you are measuring 0-25 
psig pressure, 12.7 is psig. The units for each test are listed on the flip card. The numbers displayed in the 
VTM are always positive unless there is a minus shown to make them negative. 
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(d) Error Readout. E001 is a typical error readout. There are 15 different readouts. All error readouts 
start with E. An error readout is a warning that you forgot to connect the transducer, selected a wrong test 
number, failed to start the engine, etc. All of the error messages mean you must correct the problem before 
continuing testing. Error readouts are listed iff table 2-4. If the error message does not go away after 
corrective action, refer to TM 9-4910-571-12&P. 


FOU | 


(e) Confidence Error Readouts. C004 is a typical error readout resulting from the detection of a 
faulty VIM during confidence test. For detailed information concerning confidence error readouts, refer to 


TM 9-4910-571-12&P. 


Table 2-2. Status Readouts. 


VTM Readout Interpretation 
ee 
8.8.8.8 A readout of .8.8.8.8 appears for 1 to 2 seconds each time the power is applied to the VIM. 


It means that there is power to the VIM, and that all elements of the readout display are 
operative. 


a--- A readout of ---- indicates the following: 
(1) After power turn-on, it signifies that the VIM is ready for testing. 
(2) During a compression unbalance test, it signifies testing is in progress. 


9.9.9.9 A readout of .9.9.9.9 indicates that the VIM is reading a test value beyond the range of its 
measurement capability. Either (1) the wrong test number is selected for the parameter 
being measured, or (2) there is afaultinthevehicle. — 


PASS A PASS or FAIL readout is the result of a test that checks the condition of a component 
FAIL being measured. A PASS/FAIL readout means just that — the component either passes or 
fails the test. 
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Table 2-3. Prompting Messages. 


VTM Readout Interpretation 
UEH Signal to ECT switches. Vehicle Identification (VID) numbers are found under TEST 
DATA on the flip card on the vehicle test cards. 
GO Signal to technician to crank engine in compression balance or first-peak tests. 
OFF Signal to technician to stop cranking in compression balance test or to release the 
_ accelerator in the CI power test. 
CAL Signal to the technician to release the TEST button during an offset test. 
66 Numbers are used for prompting messages in several tests. In confidence test, a readout 


of 66 signals the technician to enter 99. In test no. 12, the first numerical readout signals 
the technician to shut off fuel. 


Table 2-4. Error Readouts. 


VTM Readout Interpretation 

E000 Occurs if you request the VIM for information it does not have. For example, if you 
request the VID and it has not been entered. 

E001 Occurs in either the DCA or TK mode of operation. It indicates that a non-existent test 
number has been dialed into the TEST SELECT switches. 

E002 Indicates that the required transducer is not connected. 

E003 Indicates that a test number has been dialed which does not apply to the vehicle under 
test. It can only occur in the DCA mode. 

E004 Indicates that a VID number or number of cylinders information has not been entered. 

E005 Indicates that the transducer offset test was not performed. 

E007 Indicates a conflict between the VID number dialed in and the number of cylinders 
dialed in. It may occur in response to either VID entry or number-of-cylinders entry. 

E008 Indicates the VIM is not receiving the required voltage signal for the test selected. This 
error code is related only to starter and-compression balance tests. 

E009 Indicates that the engine was not running at the start of the test. 

E010 Indicates that a wrong VID was dialed into the VIM. 

E011 Indicates that throttle control was operated incorrectly during power test, taking too 
much time to either accelerate or decelerate. 

E013 Indicates bad data were taken for the test in progress. Repeat the test once. 

E014 Indicates that a wrong number of cy!-ders was dialed into the VIM. 

E018 Indicates that an engine rpm or AC frequency test was terminated automatically to 


protect the VIM. Termination is only after several minutes of no-signal operation. Most 
likely the VIM was left on the vehicle and the engine stalled. 
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d. Cable Assemblies. 


L General. The cable assemblies are shown below and are referred to by the cable number and by a 
name which describes how the cable is used. If necessary, the two transducer cables (W4) can be joined with 
the adapter supplied in the transducer kit to make one long cable. 

POWER 


CABLE WS 
TEST PROBE 
CABLE W2 
2 >» 

DIAGNOSTIC 
CONNECTOR 

S= C ») = ASSEMBLY 

CABLE W1 

|‘ TRANSDUCER CABLES W4 


CABLE ASSEMBLIES 
2. Installation. When cables are connected, large key on the cable connector mates with a keyway on 


the transducer connector or the VIM connector for proper installation. If you experience any difficulty 
during testing and suspect that a cable is bad, refer to TM 9-4910-571-12&P for checking cable continuity. 


Table 2-5. Transducer Kit Components. 
PART NO. ITEM 


11669227 
12258878 
12258853-1 
12258853-3 
12258853-2 
444620 
5327970 
12258876 
12258881 
3204X2 
3304X2 
234X5 
12258877 
444152 
3750X%4 
547002 
12258879-2 
12258879-1 
12258875 
12258880 
MS53099-2 
7540877 
MS3119E14-19 
12258762 
8840543 
11669236 
12258852 


Hose and fitting assy (spark plug adapter) 
Current probe 

Pipe thread reducer, 3/4 MPT to 1/4 FPT 
Pipe thread reducer, 1/2 MPT to 1/4 FPT 
Pipe thread reducer, 3/8 MPT to 1/4 FPT 
Hex-head plug, 1/4 MPT 

Hex-head plug, 1/8 MPT 

Pressure transducer, 0-1000 psig 
Snubber 

Adapter, 1/8 MPT to 1/4 FPT 

Coupling reducer, 1/8 FPT to 1/4 FPT 
Male connector, 5/16 tube to 1/4 MPT 
Pressure transducer, -30 in. Hg to 25 psig 
Street tee, 1/2 pipe thread 

Street tee, 1/4 pipe thread 

Street tee, 1/8 pipe thread 

Street elbow, 1/4 pipe thread 

Street elbow, 1/8 pipe thread 

Pulse tachometer 

Fuel line adapter 

Tachometer drive adapter 

Ignition adapter 

Adapter (connector-to-connector) 

Tee, inverted flare 

Air chuck 

Hose assembly, 1/8 MPT 

Pipe nipple, 1/8 MPT 


a a oe oe oe oo SO ot oe ool Wl oe oo 


2-515 


TM 9-2320-387-24-1 


2-46. STE/ICE-R TEST PROCEDURES (Cont’d) 


L General. The transducer kit contains a pulse tachometer transducer, a pressure and a vacuum 
transducer, and the necessary adapters (bushing, plugs, tees, etc.). Also included in the kit is a current 
probe for measuring current and a test probe cable for measuring voltage and resistance. 


Not all fittings have part number markings. The legend will help to identify the items. 


Before installing any transducer kit item on the vehicle, be sure to clean the mounting surfaces. This is 
particularly important if you are going to open fuel lines or tap into manifolds. Dirt particles entering the 
engine can cause damage to both the engine and the transducer kit item. 


The transducers should kept clean, free of dirt and grease, and handled with reasonable care. 


2. Pressure Transducer. The pressure transducers have a small breather hole on the side of the 
housing which should be kept unplugged. Do not use high pressure. 


3. Pulse Tachometer. Make sure that the slotted hole in the engine tachometer driveshaft is clear 
and not hard-packed before installing the pulse tachometer. 


4. Threaded Adapters. Observe threaded fittings carefully to avoid engaging straight threads with 
pipe threads. Each measurement device (transducer) in the transducer kit has its own identification 
resistor. The VIM uses this identification resistor to check that the correct transducer is connected for the 
measurement being made. If the correct transducer is not connected, error code E002 will be displayed. 


7 


CE 


O"O"8'O~ S-(_ Bs J 


TRANSDUCER KIT 
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2-47. VEHICLE TESTING 


a. General. To troubleshoot a vehicle problem, the technician can use the STE/ICE-R (vehicle test meter 
and transducers) and the vehicle test card. 


b. Data Entry Tests. For information regarding Data Entry, Cylinder Entry, VID Entry, and Data 
Display Tests, refer to TM 9-4910-571-12&P. 


c. Offset Tests. The STE/ICE-R VTM performs a test by setting the TEST select switches to the test 
number and pressing the TEST button. For some tests, an offset test is required before the test itself can be 


performed. This is done by selecting the number of the desired test and holding the TEST button down for 
several seconds. 


The offset test nullifies characteristic differences in the VTM, test leads, and transducers. It zeros the 
meter. Once the offset is performed, the VIM automatically corrects for the offset before displaying 
measured values. The displayed offset value should be checked against limits on the vehicle test card. If the 
displayed value is outside these limits, either the transducer or the test cable is faulty and must be replaced. 
This is another form of self-test. The offset is performed when each transducer is connected. All tests 
requiring offset are identified by an asterisk (*) on the flip cards and by OFFSET LIMITS on the vehicle test 
cards. The offset test is performed with the test probe cable or transducer connected to the VIM. Care 
should be taken to see that no stimulus is applied to the transducer. Test probe cable leads should be 
shorted together. To perform an offset test, dial the test number into the TEST SELECT switches. Press and 
hold the TEST button until the prompting message CAL appears on the display. A few seconds after release 
of the TEST button, a number will appear. This is the measured offset value associated with the test probe 
cable or transducer and cable. 


d. Control Tests. These tests are used to change (or control) the way a vehicle test is displayed or the 
way it is run. There are four control tests: 


01 Interleave (displays rpm with next test). 
02 Display Minimum Value for next test. 

03 Display Maximum Value for next test. 

04 Display Peak-to-Peak Value for next test. 


Control tests 01, 02, 03, and 04 specify the action to be taken by the next test only. 
A subsequent test will reset the control. 


1. Interleave (Test 01). This test alternately measures engine speed and a second parameter such as 
fuel pressure or alternator voltage. To initiate interleave, dial 01 into the TEST SELECT switches and press 
and release the TEST button. The prompting message PASS will signal the technician to dial in the second 
test number and again press and release the TEST button. 


2. Minimum Value (Test 02). This test displays the minimum value measured during a test. To 
initiate a minimum value display, dial 02 into the TEST SELECT switches and press and release the TEST 
button. The prompting message PASS will signal the technician to dial in the desired test number and again 
press and release the TEST button. The minimum value is displayed and updated whenever a lower 
minimum value is measured. Entering 02 and the test number again will reset the process and a new 
minimum value will be displayed. 
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2-47. VEHICLE TESTING (Cont'd) 


3. Maximum Value (Test 03). This test displays the maximum value measured during a test. To 
initiate a maximum value display, dia] 03 into the TEST SELECT switches and press and release the TEST 
button. The prompting message PASS will signal the technician to dial in the desired test number and again 
press and release the TEST button. The maximum value is displayed and updated whenever a higher 
maximum value is measured. Entering 03 and the test number again will reset the process and a new 
maximum value will be displayed. 


4. Peak-to-Peak Value (Test 04). This test displays the peak-to-peak value of 0-45 volts DC (89), 
0-1,500 amps DC (90), and battery volts (67). To start a peak-to-peak measurement, dial 04 into the TEST 
SELECT switches and press the TEST button. The prompting message PASS will signal the operator to dial 
in one of the three numbers (89, 90, 67) and again press the TEST button. 


WHITE STRIPE ON 
CABLE CONNECTOR 
SHOWS LOCATION OF 
LARGE KEYING TAB 


WHICH MATES WITH LARGE 
KEYWAY OF CONNECTOR 
ON VTM OR TRANSDUCER 


CONNECTOR KEY LOCATION 
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Table 2-6. STE/ICE-R GO-Chain Tests. 


INDICATES VTM IS PROPERLY 


CONNECTED AND READY 
FOR TESTS 


INDICATES GO CONDITION 
AFTER CONFIDENCE TESTS 


TEST SELECT 
TEST 


gE© 


‘POWER SWITCH 


GO-CHAIN fur ta 


( O } 
PULL OFF 
NOTE 


Perform all GO steps until a NO-GO condition exists, 
then perform the NO-GO step indicated. 


DCA 
MODE 


CAUTION 


¢ Do not connect or disconnect the VIM while 
the vehicle is running. 

* Connect DCA cable to the VTM before 

connecting to the diagnostic connector. 


| 1 | CONNECT VTM TO VEHICLE DIAGNOSTIC CONNECTOR: 
© PULL OFF the VIM power switch. 

* Connect DCA cable to the VIM. 

* Connect DCA cable to the vehicle. 

® PUSH ON the VTM power switch. 

© Verify that the display indicates .8.8.8.8 for approximately 
2 seconds and then changes to - - - -. 


° Does the VTM display .8.8.8.8 and then change to - - - - 2 
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Table 2-6. STE/ICE-R GO-Chain Tests (Cont'd). 


® Does display light up? 


DCA 
MODE 


© If only a portion of .8.8.8.8 or ---- is 
displayed, a display module may be 
burned out. Refer to TM 9-4910- 
571-12&P for module replacement. 


© Return to step 1. 


PROCEED AS FOLLOWS: 

© PULL OFF power switch. 

¢ Check so eas all battery connections 
and interconnecting cables. 

e PUSH ON the power switch. 


¢ Does the VTM display .8.8.8.8 and then 
change to ---- ? 


* Proceed to step 3. 
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* No power for VIM. Connect to 
a known good battery to see if 
problem is the vehicle or the 

VTM. 


¢ PULL OFF the power switch. 

e Use power cable WS to connect to 
a known good battery. 

« PUSH ON the power switch. 


* Does the VTM display .8.8.8.8 and 
then change to ----? 


Check the vehicle battery electrolyte level. 

Clean vehicle battery terminals. 

Check vehicle battery specific gravity 
Charge vehicle battery (TM 9-6140-200-1 4). 


© Proceed to TM 9-4910-571-12&P for 
fault isolation of cable W1. 

¢ If cable is bad, replace cable. 

* If cable is good, replace STE/ICE-R. 


Return to step 1. 


If problem repeats, look for broken or loose 
connections in DCA wiring from battery or in 
cable W1. 


TM 9-2320-387-24-1 
Table 2-6. STE/ICE-R GO-Chain Tests (Cont'd). 
= : 
MODE 


RUN CONFIDENCE TEST: 
*® Dial 66 into TEST SELECT and press TEST. 


* Does the VTM display and hold 00662 


© PULL OFF the power switch. 

¢ PUSH ON the VTM power 
switch. 

© Verify that the display indi- 
cates .8.8.8.8 for approxi- 
mately 2 seconds and then 
changes to ----. 


* Redial 66 and press TEST. 


* Does the VTM display and 
hold 00662 
* Dial 99 into TEST SELECT and press 
TEST. © STE/ICE-R is bad. Replace. 
® Look for this display. 


BLANK 


CONFIDENCE 
TEST 


BLANK 


NOTE 
At this point in the test, several numbers will 


appear on the display. Wait for readout 
display of PASS. 


* Proceed to following page. 
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Table 2-6. STE/ICE-R GO-Chain Tests (Cont'd). 

DCA 

MODE 


PROMPTING 
MESSAGE 


* Does the VTM display PASS? 


NOTE 


The VTM can fail Confidence Test if a bad transducer is connected . 
to it. If the VTM fails Confidence Test when powered by W1 (DCA 
mode}, remove all cable from the VTM and connect only W5, then 
clip WS to the vehicle batteries. If it passes Confidence Test this 
way, there is a bad transducer in the vehicle’s DCA. If it fails, the 
VTM has failed internally. Repeat TM 9-4910-571-12&P. 


(‘ts ) (no ) ¢ Repeat step 3. 
© Does the VTM display PASS? 


¢ STE/ICE-R is bad. Replace. 


NOTE 


If message E010 appears, 
either wrong number is 


ENTER VEHICLE IDENTIFICATION NUMBER (VIN): 
* Dial 60 into TEST SELECT and press TEST. 
* When UEH appears, dial vehicle identification number (21) into 


TEST SELECT and press TEST. 
PROMPTING 


e VIN entered should appear on the display. 
MESSAGE 


entered or VIM is connect- 
ed to wrong DCA con- 
nector. 


* Does the VTM display the number 21? 


* Does the VIM display the number 212 


 STE/ICE-R is bad. Replace. 


¢ Proceed to troubleshooting procedures. 
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CHAPTER 3 
ENGINE SYSTEMS (UNIT) MAINTENANCE 


Section |. LUBRICATION SYSTEM MAINTENANCE 


3-1. LUBRICATION SYSTEM MAINTENANCE TASK SUMMARY 


TASK PAGE 
PARA. PROCEDURES NO. 


[3-2] Engine Oil Dipstick Tube Replacement [3-2] 
[3-3] Engine Oil Filler Tube Maintenance [3-4] 
[3-4 ] Engine Oil Filter Adapter Maintenance [3-5] 
[3-5] Engine Oil Service [3-6] 
[3-6.] Oil Pan Replacement [3-8] 
[3-7] Engine Oil Cooler Supply and Return Lines Maintenance [3-10] 
3-8. Engine, Transmission, and Power Steering Oil Cooler Assembly Maintenance 
[3-9] Crankcase Depression Regulator (CDR) Valve and Bracket Maintenance [3-16 
[3-10] CDR Valve Hoses Replacement . [3-20] 
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3-2. ENGINE OIL DIPSTICK TUBE REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: TM 9-2320-387-10 
automotive (Appendix B, Item 1) TM 9-2320-387-24F 
Maintenance and repair shop equipment: ? - 
automotive (Appendix B, Item 2) Equipment Condition 
Hood raised and secured (TM 9-2320-387-10). 
Materials/Parts 
O-ring seal (Appendix G, Item 279) Maintenance Level 
Nut and lockwasher assembly Unit 


(Appendix G, Item 244) 
Silicone compound (Appendix C, Item 74) 


a. Removal 


1. Remove oil dipstick (7) from oil dipstick tube (6). 


2. Remove nut and lockwasher assembly (5) and capscrew (2) from harness clamp (3) and upper 
dipstick tube bracket (8). Discard nut and lockwasher assembly (5). 


3. Remove two screw-assembled washers (4) from upper dipstick tube bracket (8) and fuel line 
bracket (1). 


4. Remove oil dipstick tube (6) from engine oil pan (10). 
5. Remove and discard O-ring seal (9). 


b. Installation 


1. Apply RTV silicone compound to O-ring seal (9) and install O-ring seal (9) on oil dipstick tube (6). 
2. Install oil dipstick tube (6) in engine oil pan (10). 


3. Install upper dipstick tube bracket (8) on fuel line bracket (1) with two screw-assembled washers (4). 
Tighten screw-assembled washers (4) to 3-4 lb-ft (4-5 N-m). 


4. Secure harness clamp (3) to upper dipstick tube bracket (8) with capscrew (2) and nut and 
lockwasher assembly (5). 


5. Install oil dipstick (7) into oil dipstick tube (6). 
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3-2. ENGINE OIL DIPSTICK TUBE REPLACEMENT (Cont'd) 


Smee FOLLOW-ON TASKS: ¢ Start engine (TM 9-2320-387-10) and 
e Lower and secure hood (TM 9-2320-287-10) 
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3-3. ENGINE OIL FILLER TUBE MAINTENANCE | 


This task covers: 


a. Removal c. Installation 
b. Inspection 


INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: 'TM 9-2320-387-10 
automotive (Appendix B, Item 1) 'TM 9-2320-387-24P 
Materials/Parts Equipment Condition 
Lubricating oil (Appendix C, Item 44) Hood raised and secured (TM 9-2320-387-10). 
Maintenance Level 
Unit 


1. Loosen clamp (2) and disconnect CDR valve hose (1) from engine oil filler tube (8). 
2. Remove two nuts (4), washers (5), and engine oil filler tube (3) from timing chain cover (7) and studs (8). 


Inspect grommet (6) for breaks or cracks. Replace if defective. 


1. Coat grommet (6) with lubricating oil. 


2. Install engine oil filler tube (3) on timing chain cover (7) and studs (8) with two washers (5) and 
nuts (4). Tighten nuts (4) to 13-20 lb-ft (18-27 N-m). 


3. Connect CDR valve hose (1) to engine oil filler tube (3) and tighten clamp (2). 


FOLLOW-ON TASK: Lower and secure hood (TM 9-2320-387-10). 
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3-4. ENGINE OIL FILTER ADAPTER MAINTENANCE 


This task covers: 
a. Removal c. Installation 
b. Inspection 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: M 0-387-24F 


tomotive (Appendix B, Item 1 
automotive (Appendix B, Item 1) Equipment Condition 


Materials/Parts Engine oil filter removed (para. 3-5). 
Gasket (Appendix G, Item 70) : 
Two O-ring seals (Appendix G, Item 280) Maintenance Level 
Adapter seal (Appendix G, Item 2) Unit 


a. Removal 


1. Remove adapter bolt (6), gasket (5), two O-ring seals (4), engine oil filter adapter (3), and adapter 
seal (1) from cylinder block (2). Discard adapter seal (1), two O-ring seals (4), and gasket (5). 


2. Remove reducer boss (7) from oil filter adapter (3). 


Inspect reducer boss (7) for damaged threads or cracks. Replace if defective. 


1. Install reducer boss (7) on oil filter adapter (3) and tighten to 25 lb-ft (34 N-m). 


2. Install adapter seal (1) and engine oil filter adapter (3) on cylinder block (2) with two O-ring seals (4), 
gasket (5), and adapter bolt (6). Tighten adapter bolt (6) to 50 lb-ft (68 N-m). 


FOLLOW-ON TASK: Install engine oil filter|(para. 3-5). 
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3-5. ENGINE OIL SERVICE 


This task covers: 


a. Oil Draining 
b. Filter Removal 


c. Filter Installation 
d. Oil Replenishing 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: MI 9 0-387-1C 
automotive (Appendix B, Item 1) M 0-38 
Maintenance and repair shop equipment: . A 
automotive (Appendix B, Item 2) Equipment Condition 
Hood raised and secured (TM 9-2320-387-10). 
Materials/Parts . 
Oil filter (Appendix G, Item 254) General Safety Instructions 
Lubricating oil (Appendix C, Item 44) Do not drain oil when engine is hot. 
Maintenance Level 
Unit 
WARNING 


Do not drain oil when engine is hot. Severe injury to personnel 
may result. 


NOTE 
¢ Park vehicle on a firm, level surface. 


¢ Have drainage container ready to catch oil. 
1. Remove drainplug (5) and gasket (4) from oil pan (3). Allow oil to drain completely. 
2. Install gasket (4) and drainplug (5) on oil pan (3). Tighten drainplug (5) to 20 lb-ft (27 N-m). 
b. Filter Removal 
NOTE 
Have drainage container ready to catch oil. 

Remove oil filter (1) from filter adapter (2). Discard filter (1). 
1. Apply a light coat of oil to filter gasket prior to installation. 
2. 


Install oil filter (1) on oil filter adapter (2) until gasket contacts filter adapter (2). Tighten an 
additional 1/2-3/4 turn by hand. 


CAUTION 
Install a non-vented filler cap only. An incorrect filler cap will not 
seal properly, allowing water to enter and damage engine. 
1. 
2: 


Remove filler cap (6) from filler tube (7). FiJl with oil according to TM 9-2320-387-10 
Install filler cap (6) on filler tube (7). 
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3-5. ENGINE OIL SERVICE (Cont'd) 


FOLLOW-ON TASKS: « Start engine (TM 9-2320-387-10)|and check for leaks at oil filter and drainplug. 
¢ Lower and secure hood|(TM 9-232Z0-387-10). 
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3-6. OILPAN REPLACEMENT : 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: 


automotive (Appendix B, Item 1) 
Maintenance and repair shop equipment: 
automotive (Appendix B, Item 2) 


Materials/Parts 


Seal (Appendix G, Item 424) 

Two lockwashers (Appendix G, Item 208) 

Oil pan gasket (Appendix G, Item 71) 
(optional) 

Silicone compound (Appendix C, Item 74) 


TM 9-2320-387-1¢ 


Equipment Condition 
e Starter removed 
¢ Oil dipstick tube removed|(para. 3-2). 


General Safety Instructions 
Do not drain oil when engine is hot. 


Maintenance Level 


Unit 
WARNING 
Do not drain oil when engine is hot. Severe injury to personnel 
may result. 
NOTE 


Have drainage container ready to catch oil. 
1. Remove drainplug (8) and gasket (7) from oil pan (12) and drain oil. Install gasket (7) and drain- 
plug (8) after oil is drained. 
2. Remove two nuts (9), lockwashers (10), and starter cable support bracket (11) from studs (14). 
Discard lockwashers (10). 


3. Remove twenty capscrews (6), two large capscrews (13), studs (14), oil pan (12), and oil pan gasket (4) 
(if installed) from cylinder block (2). Remove any sealant from oil pan (12) and cylinder block (2). 
Discard oil pan gasket (4). 


4. Remove oil pan rear seal (15) from rear main cap (1). Discard oil pan rear seal (15). 


b. Installation 


1. Apply a bead of silicone compound to each end of oil pan rear seal (15) and install seal (15) on rear 
main cap (1). 
NOTE 
e Perform step 2 for optional oil pan gasket. Perform step 3 for 
applying silicone compound. 
¢ Immediately install oil pan after application of sealant. 
2. Install oil pan gasket (4) on lip of oil pan (12) and align with bolt holes. 
3. Apply a 3/16-in. (5-mm) bead of silicone compound around two large holes (3) on cylinder block (2). 
Apply a 3/16-in. (5-mm) bead of sealant around oil pan sealing surface (5) following sealant diagram. 


4. Install oil pan (12) on cylinder block (2) with twenty capscrews (6), two large capscrews (13), and 
studs (14). Tighten capscrews (6) and studs (14) to 4-10 lb-ft (5-14 N-m). Tighten large capscrews (13) 
to 13-20 lb-ft (18-27 N-m). 

5. Install starter cable support bracket (11) on studs (14) with two lockwashers (10) and nuts (9). 

6. Tighten oil drainplug (8) to 20 lb-ft (27 N-m). 
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3-6. OIL PAN REPLACEMENT (Cont’d) 


FOLLOW-ON TASKS: « Fill engine oil to proper level. (TM 9-2320-387-10) 
e Install oil dipstick tubel(para. 3-2). 


e Install starter (para. 4-11). 
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3-7. ENGINE OIL COOLER SUPPLY AND RETURN LINES MAINTENANCE | 


This task covers: 
a. Supply Line Removal c. Supply Line Installation 
b. Inspection 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: ¢ Engine left splash shield removed 
automotive (Appendix B, Item 1) (para. 10-23). 
e Engine access cover removed (para. 10-22). 
Materials/Parts d 
Tiedown strap (Appendix G, Item 461) General Safety Instructions 
Lockwasher (Appendix G, Item 208) Do not drain oil when engine is hot. 
Locknut (Appendix G, Item 109) . 
Maintenance Level 
Manual References Unit 
vare Q 7 AE 
a. Supply Line Removal 
WARNING 
Do not drain oil when engine is hot. Severe injury to personnel 
may result. 
CAUTION 


Cover or plug all hoses and connections immediately after disconnection 
to prevent contamination. Remove all plugs prior to connection. 
NOTE 


e Engine oil cooler supply and return lines are replaced basically 
the same. This procedure covers supply line replacement. 


e Have drainage container ready to catch oil. 
1. Disconnect supply line connector (5) from adapter (4) and allow oil to drain. 
2. Disconnect supply line connector (16) from oil cooler port (17). 


3. Remove locknut (3), washer (2), capscrew (15), and washer (2) from supply line clamp (14), brake line 
clamp (1), and frame bracket (13). Discard locknut (3). 


4. Remove capscrew (7), lockwasher (8), and clamp (9) from supply line (12) and engine mount bracket (10). 
Discard lockwasher (8). 


5. Remove tiedown strap (11) and supply line (12) from return line (6). Discard tiedown strap (11). 


Inspect adapter (4) for damaged threads or cracks. Replace if defective. 


c. Supply Line Installation 


1. Position supply line (12) in approximate mounting location along frame. 


2. Install supply line clamp (14) and brake line clamp (1) on frame bracket (13) with washer (2), 
capscrew (15), washer (2), and locknut (3). Tighten locknut (3) to 6 lb-ft (8 Nem). 


3. Connect supply line connector (16) to oil cooler port (17). 
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3-7. ENGINE OIL COOLER SUPPLY AND RETURN LINES MAINTENANCE (Cont'd) 


4. Connect supply line connector (5) to adapter (4). 


5. Secure supply line (12) to engine mount bracket (10) with clamp (9), lockwasher (8), and 
capscrew (7). 


6. Secure supply line (12) to return line (6) with tiedown strap (11). 


FOLLOW-ON TASKS: ° Install engine left splash shield (para. 10-23). 
e Fill oil to proper level Ce oa tO} 
e Start engine (TM 9-2320-387-10) and inspect for leaks at engine oil cooler, supply 
and return lines. 
e Install engine access cover (para. 10-22). 


TM 9-2320-387-24-1 


3-8. ENGINE, TRANSMISSION, AND POWER STEERING OIL COOLER ASSEMBLY 
MAINTENANCE 


This task covers: 


a. Removal c. Cleaning and Inspection 
b. Installation 


INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: ¢ Engine left splash shield removed (para. 10-23). 
automotive (Appendix B, Item 1) ¢ Headlight housing removed (para. 10-18). 


Maintenance and repair shop equipment: 


; General Safety Instructions 
automotive (Appendix B, Item 2) St 


¢ Donot drain oil when engine is hot. 


Manual References ¢ Compressed air used for cleaning purposes will 
not exceed 30 psi (207 kPa). 
Maintenance Level 

Unit 


a. Removal 


WARNING 
Do not drain oil when engine is hot. Severe injury to personnel 
may result. 

CAUTION 


¢ Cover or plug all hoses and connections immediately after 
disconnection to prevent contamination. Remove all covers or 
plugs prior to connection. 


¢ Do not bend transmission oil cooler fins. Damaged fins reduce 
cooling efficiency, which may damage engine and/or 
transmission. 


NOTE 
¢ Have drainage container ready to catch oil. 
¢ Tag all hoses for installation. 
1. Disconnect two engine oil cooler supply and return lines (15) from engine oil cooler ports (11). 


Loosen two hose clamps (2) and disconnect transmission fluid cooler line connector hoses (1) from 
transmission fluid cooler ports (3). 


3. Loosen two hose clamps (13) and disconnect power steering fluid line hoses (12) from power 
steering fluid cooler ports (14). 


4. Remove four socket-head screws (7) and oil cooler (16) from radiator (17). 
NOTE 


Perform steps 5 through 7 if vehicle is equipped with radiator 
cleaning components. 


5. Remove two capscrews (4), washers (5), and support bracket (6) from oil cooler (16). 
6. Remove capscrew (8), washer (9), clip (10), and spacer (10.1) from oil cooler (16). 
7. Remove four capscrews (20), washers (19), and two hinges (18) from oil cooler (16). 
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3-8. ENGINE, TRANSMISSION, AND POWER STEERING OIL COOLER ASSEMBLY 
MAINTENANCE (Cont'd) 
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Change 1 


TM 9-2320-387-24-1 


3-8. ENGINE, TRANSMISSION, AND POWER STEERING OIL COOLER ASSEMBLY 
MAINTENANCE (Cont'd) 


b. Installation 
NOTE 


Perform steps 1 through 3 if vehicle is equipped with radiator 
cleaning components. 


Install two hinges (18) on oil cooler (16) with four washers (19) and capscrews (20). 
Install spacer (10.1) and clip (10) on oil cooler (16) with washer (9) and capscrew (8). 
Install support bracket (6) on oil cooler (16) with two washers (5) and capscrews (4). 
Install oil cooler (16) on radiator (17) with four socket-head screws (7). 


Connect two transmission fluid cooler line connector hoses (1) to transmission fluid cooler ports (3) 
with hose clamps (2) and tighten hose clamps to 10-20 Ib-in. (1-2 N-m). 


6. Connect two engine oil cooler supply and return lines (15) to engine oil cooler ports (11). 


7. Connect two power steering fluid line hoses (12) to power steering fluid cooler ports (14) and 
tighten hose clamps (13) to 10-20 Ib-in. (1-2 N-m). 


c. Cleaning and Inspection 


1. Remove four socket-head screws (7) securing oil cooler (16) to radiator (17). 


Remove prop rod (6.1) from clip (10), raise oil cooler (16) and secure oil cooler (16) in place using 
prop rod (6.1). 


OTs OS 


WARNING 


Compressed air used for cleaning purposes will not exceed 30 psi 
(207 kPa). Use only with effective chip guarding and personal 
protective equipment (goggles/shield, gloves, etc.). 


3. Using water and compressed air, remove dirt, trash, and insects embedded in oi! cooler (16) and 
radiator (17) fins. 


4. Inspect oil cooler (16) for breaks, punctures, cracks, and splits. Replace oil cooler (16), if damaged. 
Lower oil cooler (16) and secure on radiator (17) with four socket-head screws (7). 
6. Secure prop rod (6.1) in clip (10). 


va. 
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3-8. ENGINE, TRANSMISSION, AND POWER STEERING OIL COOLER ASSEMBLY 


MAINTENANCE (Cont'd) 


FOLLOW-ON TASKS: « Fill power steering fluid to proper level (TM 9-2320-387-10) 
¢ Fill transmission oil to proper level 
¢ Fill engine oil to proper level 
¢ Install headlight housing (para. 10-18). 


¢ Install engine left splash shield (para. 10-23). 
¢ Start engine (TM _9-2320-387-10) and check for leaks. 
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3-9. CRANKCASE DEPRESSION REGULATOR (CDR) VALVE AND BRACKET 
MAINTENANCE 


This task covers: 


a. Testing c. Cleaning and Inspection 
b. Removal d. Installation 
INITIAL SETUP: 
Test Equipment Manual References 
M anometer, U-tube TM _ 9-2320-387-10 
(Appendix B, Section IV, Item L) TM _9-2320-387-24P 
Tools Equipment Condition 
General mechanic's tool kit: ¢ Hood raised and secured|(TM_9-2320-387-10 
automotive (Appendix B, Item 1) * Engine access cover removed (para. 10-22). 
Maintenance and repair shop equipment: 
automotive (Appendix B, Item 2) Maintenance Level 
Unit 


1. Removeengine oil dipstick from oil dipstick tubel[(para. 3-2). 
Install manometer in dipstick tube. 
3. Connect STE/ICE-R unit to DCA connector. 


NOTE 


To read manometer pressure, add amount the water travels in 
column above zero to the amount the water travels in column 
below zero. 


4. Start engine and let idle; record water pressure. Pressure should be zero inches of water, or a slight 
vacuum. 


Increase engine speed to 2,000 rpm; record water pressure. Pressure should be 2-5 in. 
. If pressures are not within specifications in steps 4 and 5, replace CDR valve (7) and repeat test. 
7. Install engine oil dipstick in oil dipstick tube[(para. 3-2). 


NOTE 


CDR valves on vehicles equipped with deep water fording kit 
contain two additional vent lines. 


Loosen clamp (5) and disconnect CDR valve oil fill tube hose (4) from CDR valve (7). 


2. Removetwoscrews (1), washers (2), and CDR valve (7) from CDR valve bracket (3) and intake 
crossover hose (6). 


3. Removetwo nuts (9) from CDR valve bracket (3) and intake manifold studs (10). 
Remove two nuts (8) and CDR valve bracket (3) from two valve cover studs (11). 
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3-9. CRANKCASE DEPRESSION REGULATOR (CDR) VALVE AND BRACKET 
MAINTENANCE (Cont'd) 


TM 9-2320-387-24-1 


3-9. CRANKCASE DEPRESSION REGULATOR (CDR) VALVE AND BRACKET 


MAINTENANCE (Cont'd) ' 


c. Cleaning and Inspection 


1. 
2 


CAUTION 


Do not clean CDR valve with drycleaning solvent. Drycleaning 
solvent may damage the diaphragm inside CDR valve. 


Clean oil and carbon deposits from CDR valve (12) with a clean, lint-free cloth. 
Inspect CDR valve (12) and lines for leaks, cracks, and restrictions. Replace if damaged. 


d. Installation 


1, 
2. 


3. 


3-18 


Install CDR valve bracket (2) on two intake manifold studs (4) and valve cover studs (6). 


Secure CDR valve bracket (2) to intake manifold (5) with two nuts (3). Tighten nuts (3) to 


Secure CDR valve bracket (2) to valve cover studs (6) with two nuts (1). Tighten nuts (1) to 
10 Ib-ft (14 N-m). 


Install CDR valve (12) on CDR valve bracket (2) and intake crossover hose (11) with two washers (8) 
and screws (7). Tighten screws (7) to 15 lb-ft (20 N-m). 


Connect CDR valve oil fill tube hose (9) to CDR valve (12) and tighten clamp (10). 


TM 9-2320-387-24-1 


3-9. CRANKCASE DEPRESSION REGULATOR (CDR) VALVE AND BRACKET 
MAINTENANCE (Cont'd) 


FOLLOW-ON TASKS: « Lower and secure h 
¢ Install engine access cover (para. 10-22). 
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3-10. CDR VALVE HOSES REPLACEMENT | 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: CDR valve and bracket removed|(para. 3-9). 


automotive (Appendix B, Item 1) . 
Maintenance Level 


Manual References Unit 


TM 9-2320-387-24P 
Remove CDR valve intake crossover hose (3) from air horn (5). 


1 
2. Loosen clamp (2) and disconnect CDR valve oil fill tube hose (1) from oil fill tube (4). 
1 


b. Installation 


. Connect CDR valve oil fill tube hose (1) to oil fill tube (4) and tighten clamp (2). 


2. Install CDR valve intake crossover hose (3) on air horn (5). 


FOLLOW-ON TASK: Install CDR valve and bracket (para. 3-9). 
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Section Il. FUEL SYSTEM MAINTENANCE 


3-11. FUEL SYSTEM MAINTENANCE TASK SUMMARY 


Lie PROCEDURES in 
(3-12. Air Cleaner Assembly and Dust Unloader Maintenance [3-22 
[3-13. Air Cleaner Filter Element Servicing [3-24 
[ 3-14. Air Horn Replacement [3-28 
(3-15. Air Horn-to-Air Cleaner Elbow Replacement [3-30 
(3-16. Air Horn Support Bracket Replacement [3-33 
(3-17. Air Restriction Gauge Replacement [3-32 
[3-18. Weathercap Replacement [3-33 
[3-Ig. Air Intake Assembly and Bracket Replacement [3-34 
(3-20. Air Restriction Gauge Hose Replacement [3-36 
[3-2]. Air Intake and Fuel Pump Vent Lines Replacement [3-37 
[3-22. Drainage Bracket Replacement [3-38 
[3-23. Fuel Injection Pump Boot Replacement [3-39 
[3-24. Fuel Pump Replacement [3-40 
[3-25. Fuel Tank and Shield Maintenance [3-42 
[3-26. Fuel Tank Supply and Return Lines Replacement 
(3-27. Auxiliary Fuel Pickup and Return Lines Replacement [3-54 
(3-28. Fuel Tank Vent Line and Filter Replacement [3-56 
(3-29. Fuel Tank Filler Cap and Spout Maintenance [3-58 
[3-30. Fuel Tank Filler Spout Vent Line Replacement [3-60 
[3-3]. Filler Spout Hose Replacement 
[3-32. Fuel Tank Hangers Replacement [3-63 
[3-33. Fuel Filter Maintenance [3-64 
[3-34. Fuel Filter Element Maintenance [3-66 
[3-38. Fuel Filter Drain Hose and Valve Replacement [3-68 
[3-36. Fuel Injection Pump Return Hose Check Valve Maintenance BE! 
[3-37 Fuel Injection Return Hoses Replacement [3-72 
[3-38. Fuel Drain-Back Tube Replacement | 3-76 
[3-39, Glow Plug Replacement 
(3-40. Right Fuel Injection Lines Bracket Replacement 3-79 
[3-4]. Left Fuel Injection Lines Bracket Replacement | 3-80 
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3-12. AIR CLEANER ASSEMBLY AND DUST UNLOADER MAINTENANCE 


This task covers: 


a. Removal c. Installation 
b. Inspection 


INITIAL SETUP: Manual References 
— TM _9-2320-387-10 
General mechanic's tool kit: TM 2 2320-38725e 
automotive (Appendix B, Item 1) Equipment Condition 
hal BE nanes aie repel Sop eanipment Hood raised and secured| (TM 9-2320-387-10 
automotive (Appendix B, Item 2) 
Maintenance Level 
Unit 
NOTE 


For dust unloader replacement, perform steps 1 and 2 only. 
Remove four screws (16) and dust unloader cover (15) from two support brackets (4). 
Loosen clamp (17) and remove dust unloader (18) from air cleaner assembly (9). 
Loosen clamp (5) and disconnect elbow (6) from air cleaner assembly (9). 
Disconnect air restriction gauge hose (7) from fitting (8). 
Remove outer strap clamps (10) and (12) from air cleaner assembly (9). 
Disconnect vent line (3) from elbow (2). 
Remove air cleaner assembly (9) from two support brackets (4). 
Remove elbow (2) from air cleaner assembly (9). 
Remove adapter (14) and tube (13) from air cleaner assembly (9). 
Remove fitting (8) from air cleaner assembly (9). 
Remove strap clamp (11) from air cleaner assembly (9). 


b. Inspection 


1. Inspect gasket (1) for cracks or breaks. Replace gasket (1) if defective. 
2. Inspect elbow (2), fitting (8), and adapter (14) for damaged threads or cracks. Replace if defective. 


c. Installation 


POoOONM OU WN 


a 


NOTE 

For dust unloader replacement, perform steps 10 and 11 only. 
1. Install strap clamp (11) on air cleaner assembly (9). 
2. Install fitting (8) on air cleaner assembly (9). 
3. Install tube (13) on adapter (14). 
4. Install tube (13) and adapter (14) on air cleaner assembly (9). 
5. Install elbow (2) on air cleaner assembly (9). 
6 


Install air cleaner assembly (9) on two support brackets (4) with strap clamps (10), (11), and (12). 
Tighten clamps in the following sequence: (10), (11), and (12). 


7. Connect elbow (6) to air cleaner assembly (9) and tighten clamp (5) to 50-60 Ib-in (6-7 N-m). 
8. Connect air restriction gauge hose (7) to fitting (8). 
9. Connect vent line (3) to elbow (2). 
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TM 9-2320-387-24-1 


3-12. AIR CLEANER ASSEMBLY AND DUST UNLOADER MAINTENANCE (Cont'd) 


10. Install dust unloader (18) on air cleaner assembly (9) and tighten clamp (17) to 45-50 Ib-in. 
(5-6 N-m). 


11. Install dust unloader cover (15) on two support brackets (4) with four screws (16). 


FOLLOW-ON TASK: Lower and secure hooc (TM_9-2320-387-10 
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3-13. AIR CLEANER FILTER ELEMENT SERVICING 


This task covers: 


a. Removal d. Cleaning 
b. Inspection e. Installation 
c. Emergency Cleaning 


INITIAL SETUP: 
Tools Equipment Condition 
General mechanic's tool kit: H ood raised and secured (TM 9-2320-387-10 


automotive (Appendix B, Item 1) 


Maintenance and repair shop equipment: General Safety lnsumchons 


automotive (Appendix B, Item 2) * Do not use unauthorized cleaning methods or 
; liquids. 
Materials/Parts . * Compressed air used for cleaning purposes will 
Detergent (Appendix C, Item 25) not exceed 30 psi (207 kPa). 
Manual References 


Maintenance Level 


TM 9-2320-387-10 Unit 
TM 9-2320-387-24P 


WARNING 


¢ Improper cleaning methods and use of unauthorized cleaning liquids can 
injure personnel and cause damage to equipment. Do not use anything 
other than compressed air, water, and detergent to clean elements. 


¢ If NBC contamination is suspected, consult NBC officer or NBC NCO for 
appropriate handling instructions. 


NOTE 


The vehicle air cleaner may be configured with either a ring clamp or 
over-center clamp. 


1. Loosen screw (8), or unlatch and remove clamp (1), cover (2), and gasket (3) from air deaner assembly (6). 
CAUTION 


Cover housing opening with screen or rag to prevent contaminants from 
entering air intake system and damaging engine. 


2. Removenut and washer assembly (7) and filter element (4) from stud (5) of air cleaner assembly (6). 


1. Check gasket (3) for dents, tears, rips, and other damage. Ensure gasket has not taken a set. Ensure 
there are no hard dirt ridges on sealing surfaces. 


2. Inspect filter element (4) for holes and tears by looking through element toward a bright light. If 
pinpoints of light shine through, replace element. Holes that are large enough to let light through 
are large enough to let contaminants through. Another way to check for leaks or damage is to look 
for uneven dirt patterns. Ensure there is no rust or flaking paint on metal parts of filter. If the filter 
has already been cleaned three times, or if damaged, replace filter element (4). 


3. Check air cleaner assembly (6) for holes, dents, rust, or any other damage that will interfere with 
proper sealing and allow unfiltered air to enter and destroy engine. 


c. Emergency Cleaning 
CAUTION 


Do not strike ends of filter element on hard surface, or damage to filter 
element may result. 


Remove dust or sand from filter element (4) by holding it so neither end faces ground, and gently tap 
around filter element (4). 
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3-13. AIR CLEANER FILTER ELEMENT SERVICING (Cont'd) 
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Change 1 
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3-13. AIR CLEANER FILTER ELEMENT SERVICING (Cont'd) 


WARNING 


Compressed air used for cleaning purposes will not exceed 30 psi 
(207 kPa). Use only with effective chip guarding and personnel 
protective equipment (goggles/shield, gloves, etc.). 


1. Hold nozzle at least 1 in. (25 mm) away from element (1) and direct compressed air against clean 
side of element (1) (in direction opposite to normal air flow). Move air stream up and down length of 
pleats until dust no longer blows out. 


2. Preparea solution of five gal. warm water 80-110°F (27-43°C) and one cup of non-sudsing detergent 
in a container large enough to submerge element (1). 


3. Immerse element (1) completely in cleaning solution, swish for two minutes, soak element (1) for 
15-20 min., then swish it around again to remove contaminants. 


4. Removeelement (1) from the solution and let drain. 


5. Rinse element (1) with cool water 35-80°F (2-27°C) from clean side to dirty side (in direction opposite 
to normal air flow) with a gentle stream of water no more than 40 psi (276 kPa). If the clean side of 
element (1) was contaminated during soak cycle, rinse from both sides. 


CAUTION 


Do not use compressed air to speed drying time or damage to 
element may result. 


6. Air-dry element (1) at normal room temperature until it is completely dry. Usually overnight is 
adequate, but temperature and humidity will affect drying time. If arculating air is used, do not 
exceed 180°F (82°C). 


7. Inspect element (1) and discard if damaged. If not damaged, mark date of cleaning on 
element (1). 


e. Installation 


1. Remove screen or rag from housing opening. 
CAUTION 
When replacing filter element, ensure it is the 420 CFM element. 


2. Install filter element (1) on stud (5) of air cleaner assembly (6) with nut and washer assembly (7). 
Tighten nut and washer assembly (7) to 20-40 Ib-in (2-5 N-m). 


CAUTION 


When cover clamp is secured to end of filter body assembly, ensure 
clamp screw/latch is between three and six o’clock position to 
prevent damaging hood when hood is closed. 


3. Install gasket (4) and cover (3) on air cleaner assembly (6) with clamp (2). Latch clamp (2) or tighten 
screw (8) to 35-40 Ib-in (4-5 N-m). 
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3-13. AIR CLEANER FILTER ELEMENT SERVICING (Cont'd) 


Ws 


FOLLOW-ON TASKS: ¢ Lower and secure hood (TM _9-2320-387-10 
¢ Start engine (TM _ 9-2320-387-10) and ensure air restriction gauge on instrument 
panel does not show red. 


Change 1 3-27 


TM 9-2320-387-24-1 


3-14. AIR HORN REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: TM 9-2320-387-10 
automotive (Appendix B, Item 1) TM 9-2320-387-24P 
Maintenance and repair shop equipment: ; . 
(Appendix B, Item 2) Equipment Condition 
Hood raised and secured (TM 9-2320-387-10 
Materials/Parts 
Two lockwashers (Appendix G, | tem 206) Maintenance Level 
Adhesive (Appendix C, Item 10) Unit 


a. Removal 


1. Disconnect CDR hose (1) from air horn (2). 
2. Loosen clamp (4) and disconnect air intake elbow (3) from air horn (2). 
CAUTION 
Cover opening of turbocharger intake to prevent foreign 
material from entering turbocharger and damaging engine. 
3. Loosen clamp (5) and remove air horn (2) from turbocharger intake hose (6). 
4. Remove adapter (7) from air horn (2). 
5. Removeinserts (8) and (9) from air horn (2). 


b. Installation 


1. Install inserts (8) and (9) on air horn (2). 

1.1 Apply adhesive to adapter (7) and install adapter (7) on air horn (2). 

2. Install air horn (2) on turbocharger intake hose (6) and tighten clamp (5) to 50-60 Ib-in. (6-7 N-m). 
3. Connect elbow (3) to air horn (2) and tighten clamp (4) to 50-60 Ib-in. (6-7 N-m). 

4. Connect CDR hose (1) toair horn (2). 
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3-14. AIR HORN REPLACEMENT (Cont'd) 


FOLLOW-ON TASK: Lower and secure hooc (TM _9-2320-387-10 
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3-15. AIR HORN-TO-AIR CLEANER ELBOW REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic's tool kit: Hood raised and secured|(TM 9-2320-387-10 
automotive (Appendix B, Item 1) 
Maintenance and repair shop equipment: Maintenance Level 
automotive (Appendix B, Item 2) Unit 


Manual References 


TM_9-2320-387-10 
TM_9-2320-387-24P 


a. Removal 


1. Loosen two clamps (3) and remove elbow (4) from air cleaner assembly (1) and air horn (2). 
2. Removetwo clamps (3) from elbow (4). 


b. Installation 


1. Install two clamps (3) on elbow (4). 


i 2. Connect elbow (4) to air cleaner assembly (1) and air horn (2) and tighten two clamps (3) to 50-60 Ib- 
in. (6-7 N-m). 


FOLLOW-ON TASK: Lower and secure hooc (TM _9-2320-387-10 
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3-16. AIR HORN SUPPORT BRACKET REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Applicable Models Manual References 
M1113 TM 9-2320-387-24P 
Tools Equipment Condition 
General mechanic's tool kit: Air horn removed (para. 3-14). 
automotive (Appendix B, Item 1) 
Maintenance and repair shop equipment: Maintenance Level 
automotive (Appendix B, Item 2) Unit 
Materials/Parts 


Lockwasher (Appendix G, I tem 208) 


a. Removal 

l. Remove nut (5), lockwasher (4), two clamps (3), and stud (2) from air horn support bracket (1) and 
cylinder head (7). Discard lockwasher (4). 

2. Remove capscrew (6) and support bracket (1) from cylinder head (7). 


b. Installation 


l. Install air horn support bracket (1) on cylinder head (7) with stud (2). 


2. Secureair horn support bracket (1) to cylinder head (7) with capscrew (6). Tighten capscrew (6) and 
stud (2) to 40 Ib-ft (54 N-m) 


3. Install two clamps (3) on stud (2) with lockwasher (4) and nut (5). 


Ct rant 


FOLLOW-ON TASK: Install air horn|(para. 3-14). 
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3-17. AIR RESTRICTION GAUGE REPLACEMENT he 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Maintenance Level 
General mechanic’s too! kit: Unit 


automotive (Appendix B, Item 1) 


Manual References 
Mg 0-38 ( 
A e () 


1. Remove two screws (2) securing gauge (4) to bezel (1) and remove gauge (4) and gasket (3) from 
behind instrument panel (6). 


2. Disconnect hose (5) and remove gauge (4). 


b. Installation 


1. Connect hose (5) to gauge (4). 
2. Install gasket (3) and gauge (4) behind instrument panel (6) and secure to bezel (1) with two screws (2). 


FOLLOW-ON TASK: Start engine (TM 9-2320-387-10) and check operation of air restriction gauge. 
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3-18. WEATHERCAP REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Maintenace Level 
General mechanic's tool kit: Unit 


automotive (Appendix B, Item 1) 
Maintenance and repair shop equipment: 
automotive (Appendix B, Item 2) 


Manual References 


TM_9-2320-387-24P 


a. Removal 


Remove clamp (2) and weathercap (1) from air intake duct (3). 


b. Installation 


Install weathercap (1) on air intake duct (3) with damp (2). Tighten clamp (2) to 50-60 Ib-in. (6-7 N-m). 
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3-19. AIR INTAKE ASSEMBLY AND BRACKET REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: TM 9-2320-387-24P 
automotive (Appendix B, Item 1) . 
Maintenance and repair shop equipment: Equipment Condition 
automotive (Appendix B, Item 2) Weathercap removed (para. 3-18). 
Materials/Parts 


Three locknuts (Appendix G, Item 114) 


a. Removal 


1. Remove locknut (5), washer (3), capscrew (2), and washer (3) from air intake assembly (1) and 
support bracket (4). Discard locknut (5). 


2. Loosen two clamps (6), and remove air intake assembly (1) and rubber boot (6.1) from air cleaner 
extension (7). 


NOTE 
Perform steps 3 and 4 for M1114 and step 5 for M1113. 


3. Remove two locknuts (11), capscrews (8), washers (9), and support bracket (4) from mounting 
bracket (10). Discard locknuts (11). 


4. Remove two capscrews (14), washers (13), and mounting bracket (10) from windshield (12). 
al 5. Remove two capscrews (16), washers (15), and support bracket (4) from windshield (12). 


b. Installation 


NOTE 
Perform step 1 for M1113 and steps 2 and 3 for M1114. 


1. Install support bracket (4) on windshield (12) with two washers (15) and capscrews (16). 


2. Install mounting bracket (10) on windshield (12) with two washers (13) and capscrews (14). 
Tighten capscrews (14) to 6 Ib-ft (8 N-m). 


3. Install support bracket (4) on mounting bracket (10) with two washers (9), capscrews (8), and 
locknuts (11). 


4. Install rubber boot (6.1) and air intake assembly (1) on air cleaner extension (7) with two clamps 
(6). Tighten clamps (6) to 50-60 Ib-in. (6-7 N-m). 


5. Install air intake assembly (1) on support bracket (4) with washer (3), capscrew (2), washer (3), and 
locknut (5). Tighten capscrew (2) to 43 |b-ft (58 N-m). 
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3-19. AIR INTAKE ASSEMBLY AND BRACKET REPLACEMENT (Cont'd) 


FOLLOW-ON TASK: Install weathercap|(para. 3-18). 
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3-20. AIR RESTRICTION GAUGE HOSE REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic's tool kit: H ood raised and secured (TM 9-2320-387-10 


automotive (Appendix B, Item 1) 
Maintenance Level 
Manual References Unit 


TM 9-2320-387-10 
TM 9-2320-387-24P 


a. Removal 


Loosen five clamps (2) securing hose (5) to A-beam (1). 
Disconnect hose (5) from air cleaner assembly (8). 
Disconnect hose (5) from gauge (3) located behind instrument panel (4). 


Pp WN 


Remove hose (5) from five clamps (2) and through grommet (6) in cowl (7). 


b. Installation 


1. Route hose (5) through grommet (6) and five clamps (2) in cowl (7) and connect hose (5) to air cleaner 
assembly (8). 


2. Connect hose (5) to gauge (3). 
3. Tighten five clamps (2) on hose (5) and A-beam (1). 


FOLLOW-ON TASK: Lower and secure hood (TM _ 9-2320-387-10 
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3-21. AIR INTAKE AND FUEL PUMP VENT LINES REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic's tool kit: Hood raised and secured (TM _ 9-2320-387-10 


automotive (Appendix B, Item 1) 
Maintenance Level 


Manual References Unit 


TM 9-2320-387-10 
TM _ 9-2320-387-24P 


a. Removal 


NOTE 
¢ For fuel pump vent line replacement, perform steps 2, 3, and 4 only. 


¢ Insulation may need to be removed to access vent line. 


Remove vent line (2) from air cleaner fitting (1) and tee fitting (8). 
Loosen clamp (3) and disconnect vent line (4) from fuel pump (7). 
Loosen clamp (5) and remove vent line (4) from tee fitting (6). 
Remove two clamps (3) and (5) from vent line (4). 


b. Installation 
NOTE 


For fuel pump vent line replacement, perform steps 2 and 3 only. 
Connect vent line (2) to tee fitting (8) and air cleaner fitting (1). 


Install clamps (3) and (5) on vent line (4). 
Install vent line (4) on tee fitting (6) and fuel pump (7) and tighten clamps (3) and (5). 


ew NR 


mew N 


Install insulation if removed to access vent line (2). 


FOLLOW-ON TASK: Lower and secure hooc (TM 9-2320-387-10 
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3-22. DRAINAGE BRACKET REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: Air cleaner assembly removed (para. 3-12). 


automotive (Appendix B, Item 1) 
Maintenance Level 
Manual References Unit 


TM _ 9-2320-387-24P 


a. Removal 


Remove three screws (2) and drainage bracket (3) from body (1). 


b. Installation 


Install drainage bracket (3) on body (1) with three screws (2). 


FOLLOW-ON TASK: Install air cleaner assembly|(para. 3-12). 
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3-23. FUEL INJECTION PUMP BOOT REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: Hood raised and secured (TM 9-2320-387-10). 


automotive (Appendix B, Item 1) 
; PP Maintenance Level 
Manual References Unit 


Vl Y U-3% U 


Vl Y U-3% 


a. Removal 


Remove clamp (3) and boot (2) from injection pump (1). 


b. Installation 


Install boot (2) on injection pump (1) with clamp (3). | 


FOLLOW-ON TASK: Lower and secure hood (TM 9-2320-387-10). 
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3-24. FUEL PUMP REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: (TM 9-2320-387-10 
automotive (Appendix B, Item 1) 'TM 9-2320-387-24F 
Maintenance and repair shop equipment: . . 
(Appendix B, Item 2) Equipment Condition 
Battery ground cables disconnected[(para. 4-68). 
Materials/Parts 
Mounting plate gasket (Appendix G, Item 242) General Safety Instructions 
Fuel pump gasket (Appendix G, Item 53) Do not perform this procedure near fire, flames, or 
Grease (Appendix C, Item 34) sparks. 
Maintenance Level 
Unit 
WARNING 


Diesel fuel is highly flammable. Do not perform this procedure 
near fire, flames, or sparks. Severe injury or death may result. 


CAUTION 


Cover or plug all open hoses and connections immediately after 
disconnection to prevent contamination. Remove all plugs prior to 
connection. 


NOTE 
Have drainage container ready to catch fuel. 


1. Loosen clamp (14) and disconnect fuel inlet line (13) from fuel pump (2) and allow fuel to drain into 
container. 


2. Disconnect fuel outlet line (12) from fuel pump (2) and allow fuel to drain into container. 
3. Loosen clamp (3) and disconnect vent line (4) from fuel pump (2). 


4. Remove two capscrews (1), fuel pump (2), and gasket (6) from fuel pump mounting plate (7). Discard 
gasket (6). 


5. Remove two capscrews (11), fuel pump mounting plate (7), and gasket (8) from cylinder block (10). 
Discard gasket (8). 


6. Remove pushrod (9) from cylinder block (10). 


b. Installation 


NOTE 


GAA grease is used on pushrod to retain it in cylinder block during 
installation. 


1. Apply grease on pushrod (9) and insert pushrod (9) into cylinder block (10). 


2. Install gasket (8) and mounting plate (7) on block (10) with two capscrews (11) for alignment of 
pump (2) to cylinder block (10). 


3. Secure gasket (8) and mounting plate (7) to cylinder block (10) with two capscrews (11). Tighten 
capscrews (11) to 4-7 lb-ft (5-10 N-m). 
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3-24. FUEL PUMP REPLACEMENT (Cont'd) 


4. Install gasket (6) and fuel pump (2) on fuel pump mounting plate (7) and block (10) with two 


capscrews (1), ensuring lever (5) aligns with pushrod (9). Tighten capscrews (1) to 20-30 lb-ft 
(27-41 Nem). 


5. Connect vent line (4) to fuel pump (2) and tighten clamp (3) to 10-20 Ib-in. (1-2 Nem). 
Connect fuel outlet line (12) to fuel pump (2). 
7. Connect fuel inlet line (13) to fuel pump (2) and tighten clamp (14). 


o> 


FOLLOW-ON TASKS: ¢ Connect battery ground cables|(para. 4-68). 
e Start engine (TM 9-2320-387-10) and check fuel pump and hoses for fuel leaks. 
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3-25. FUEL TANK AND SHIELD MAINTENANCE 


This task covers: 
a. Draining d. Cleaning and Inspection 
b. Removal e. Assembly 
c. Disassembly f. Installation 
INITIAL SETUP: 
Tools Manual References 


General mechanic’s tool kit: 
automotive (Appendix B, Item 1) 
Maintenance and repair shop equipment: 
(Appendix B, Item 2) 


Materials/Parts 
Access cover gasket (Appendix G, Item 1) 
Fourteen locknuts (Appendix G, Item 109) 
Three lockwashers (Appendix G, Item 208) 
Drycleaning solvent (Appendix C, Item 26) 
Adhesive (Appendix C, Item 2) 
Sealing compound (Appendix C, Item 62) 


Personnel Required 


MI 9 0-38 7/-1LC 
LA © 0-38 AL 


Equipment Condition 
¢ Battery ground cables disconnected 
¢ Rear propeller shaft removed 
e Right rear underbody armor removed 
(para. 11-39). 


General Safety Instructions 
¢ Do not perform this procedure near fire, flames, 
or sparks. 
* Drycleaning solvent is flammable and will not be 
used near an open flame. 


D-4)) 


11114 only) 


One mechanic Maintenance Level 
One assistant Unit 
WARNING 


Diesel fuel is highly flammable. Do not perform this procedure 
near fire, flames, or sparks. Severe injury or death may result. 


a. Draining 


NOTE 


Have drainage container ready to catch fuel. 


1. Remove fuel tank filler cap (1). 


2. Remove drainplug (3) from fuel tank (2) and allow fuel to completely drain into container. 
CAUTION 
Do not overtighten drainplug. Drainplug must not turn in hole. 


Sharp edge of hole may cut rubber. 


3. Install drainplug (3) flush with bottom of fuel tank (2). 


1. Disconnect large vent line (4) from filler spout (5). 
2. Remove locknut (15), washer (12), capscrew (11), washer (12), and clamp (13) from vent line (4) and 


body (14). Discard locknut (15). 


3. Remove locknut (16), washer (7), capscrew (8), washer (7), and clamp (6) from filler spout (5). 


Discard locknut (16). 


4. Loosen clamp (9) and remove hose (10) from spout (5). 
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3-25. FUEL TANK AND SHIELD MAINTENANCE (Cont'd) 
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3-25. FUEL TANK AND SHIELD MAINTENANCE (Cont'd) 


5. Remove two nuts (15), washers (14), and capscrews (7) from fuel tank support straps (6) and (12) 
and remove lower straps (13). 


6. Loosen two clamps (3) and disconnect fuel supply hoses (1) and (2) from fuel return line (4) and 
supply line (5). 


NOTE 
Perform step 7 if vehicle is equipped with vehicular heater. 

7. Loosen clamp (17) and disconnect fuel supply hose (18) from vehicular heater fuel supply line (16). 

8. Disconnect vent line (20) from tee (19). 

9. Remove capscrew (22) and clamp (23) securing vent line (20) to body (24). 
10. Remove nut (8), washer (9), capscrew (10), and rear strap (12) from strap bracket (11). 
11. Lower fuel tank (21) for access to vent line (29) and clamp (28). 
12. Disconnect vent line (20) from fitting (25) on fuel tank (21). 


13. Remove locknut (26), washer (27), and clamp (28) from vent line (29) and fuel tank (21). Discard 
locknut (26). 


14. Remove vent line (29) from vent line housing (30). 
NOTE 
Prior to removal, tag leads for installation. 
15. Disconnect jumper leads 58J (33) and 28B (35) from body wiring harness (34). 
16. Bend clamp (32) down and remove jumper harness (31). 
17. Remove fuel tank (21) from vehicle. 
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3-25. FUEL TANK AND SHIELD MAINTENANCE (Cont'd) 


TM 9-2320-387-24-1 


3-25. FUEL TANK AND SHIELD MAINTENANCE (Cont'd) 


1. Thoroughly clean outside of tank (18) to prevent dirt contamination. 


2. Disconnect fuel supply line (31) from fuel supply tube (12) and fuel return line (30) from fuel return 
tube (34). 


NOTE 


Perform step 3 if vehicle is equipped with vehicular heater and 
auxiliary fuel line. 


3. Disconnect two fuel supply lines (25) from fuel supply tubes (13). 


4. Remove capscrew (27), clamp (29), fuel supply line (31), fuel return line (30), and shield (26) from fuel 
tank (18). Remove two fuel supply lines (25) and clamp (28), if installed. 


5. Remove two locknuts (7), washers (8), clamps (6), and jumper harness (5) from access cover (11). Discard 
locknuts (7). 


NOTE 
Prior to removal, tag leads for installation. 


6. Disconnect jumper harness leads 28B (1) and 58J (2) from fuel level sender (35) and remove jumper 
harness (5). 


7. Remove ten locknuts (9) and washers (10) securing access cover (11) to fuel tank (18). Discard 
locknuts (9). 


8. Remove access cover (11), gasket (15), and retainer (33) from fuel tank (18). Discard gasket (15). 
9. Mark position of fuel tubes (12), (34), and (13) on access cover (11). 
NOTE 
Note position of fuel strainer for installation. 
10. Remove fuel strainer (14) from fuel supply tube (12). 
11. Remove fuel supply tube (12) from access cover (11). 
12. Remove fuel return tube (34) from access cover (11). 
NOTE 


¢ Perform step 13 if vehicle is equipped with vehicular heater and 
auxiliary fuel line. 


e Vehicles not equipped with a vehicular heater and auxiliary fuel 
line will have plugs instead of fuel supply tubes. 


13. Remove two fuel supply tubes (13) from access cover (11). 

14. Remove vent valve (4) and grommet (3) from access cover (11). 

15. Remove vent line (19) from tee (20). 

16. Loosen clamp (16) and remove filler spout hose (17) from tank (18). 


17. Remove three capscrews (22), washers (24), lockwashers (23), and heat shield (21) from fuel tank (18). 
Discard lockwashers (23). 


d. Cleaning and Inspection 


WARNING 


Drycleaning solvent is flammable and will not be used near an 
open flame. A fire extinguisher will be kept nearby when the 
solvent is used. Use only in well-ventilated places. Failure to do 
this may result in injury to personnel or damage to equipment. 
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3-25. FUEL TANK AND SHIELD MAINTENANCE (Cont'd) | 


1. Use drycleaning solvent to clean access cover (11), fuel supply line (31), fuel return line (30), fuel 
supply a (25), fuel supply tube (12), fuel return tube (34), fuel supply tube (13), and inside of fuel 
tank (18). 

2. Inspect access cover (11), fuel supply line (31), fuel return line (30), fuel supply tube (12), fuel return 
tube (34), strainer (14), tee (20), fitting (32), vent valve (4), and grommet (3) for cracks, wear, and 
breaks. Replace if cracked, worn, or broken. 


3. Inspect fuel supply lines (25) and fuel supply tubes (13) for cracks, wear, and breaks, if installed. 
Replace if cracked, worn, or broken. 


4. Inspect fuel level sender (35) for damage. Replace if damaged. 
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3-25. FUEL TANK AND SHIELD MAINTENANCE (Cont'd) 


NOTE 


e Use sealing compound on all vent line and fuel line connector 
threads before installation. 


* Use fittings from old tank if installing new tank. 
Install heat shield (21) on fuel tank (18) with three lockwashers (23), washers (24), and capscrews (22). 
Install vent line (19) on tee fitting (20). 
Install filler spout hose (17) on tank (18) and tighten clamp (16). 


Apply sealing compound to threads of fuel supply tube (12). Install and align fuel supply tube (12) 
on access cover (11). 


5. Apply sealing compound to threads of fuel return tube (33). Install and align fuel return tube (33) on 
access cover (11). 


eee 


NOTE 


Perform step 6 if vehicle is equipped with vehicular heater and 
auxiliary fuel line. 


6. Apply sealing compound to threads of fuel supply tubes (13). Install and align two fuel supply 
tubes (13) on access cover (11). 


7. Install grommet (3) and vent valve (4) on access cover (11). 
8. Install fuel strainer (14) on fuel supply tube (12). 


9. Apply adhesive to threads of ten locknuts (9). Install retainer (32), gasket (15), and access cover (11) 
on fuel tank (18) with nine washers (10) and locknuts (9). Tighten locknuts (9) to 72 lb-in. (8 N-m). 


10. Connect jumper harness leads 28B (1) and 58J (2) to fuel level sender (34). 


11. Apply adhesive to threads of two locknuts (7). Install jumper harness (5) on access cover (11) with two 
clamps (6), washers (8), and locknuts (7). Tighten locknuts (7) to 72 ib-in. (8 N-m). 


12. Connect fuel supply line (31) to fuel supply tube (12), and fuel return line (30) to fuel return tube (33). 
NOTE 


Perform step 13 if vehicle is equipped with an vehicular heater 
and auxiliary fuel line. 


13. Connect two fuel supply lines (25) to fuel supply tubes (13). 


14. Install shield (26), return line (30), supply line (31), clamp (29), and two fuel supply lines (25) and 
clamp (28), if installed, on fuel tank (18) with capscrew (27). 
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3-25. FUEL TANK AND SHIELD MAINTENANCE (Cont'd) 
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3-25. FUEL TANK AND SHIELD MAINTENANCE (Cont'd) 


1. Position fuel tank (5) under vehicle. 
2. Install jumper harness (6) in clamp (7) and bend clamp (7) up. 
3. Connect jumper harness leads 58J (8) and 28B (10) to body wiring harness (9). 


NOTE 


Use sealing compound on all vent line connector threads before 
installation. 


4. Connect vent line (4) to fuel tank (5) with clamp (3), washer (2), and locknut (1). Tighten locknut (1) 
to 6 lb-ft (8 N-m). 


5. Connect vent line (12) to fitting (11) on fuel tank (5). 
NOTE 
Apply adhesive to threads of capscrews before installation. 


6. Install rear strap (23) on strap bracket (22) with capscrew (21), washer (20), and nut (19). Tighten 
nut (19) to 37 lb-ft (50 N-m). 


NOTE 


Ensure front straps are flush with fuel tank and to right side of 
dimple in slot. 


7. Raise fuel tank (5) and install two support straps (24) to straps (17) and (23) with two 
capscrews (18), washers (25), and nuts (26). Do not tighten nuts (26). 


8. Connect vent line (12) to tee (31) on fuel tank (5). 
9. Secure vent line (12) to body (34) with clamp (33) and screw (32). 


10. Connect fuel supply hoses (13) and (30) to fuel return and supply lines (16) and (15) and tighten 
clamps (14). 


NOTE 
Perform step 11 if vehicle is equipped with vehicular heater. 
11. Connect fuel supply hose (29) to vehicular heater fuel supply line (27) and tighten clamp (28). 
NOTE 
Ensure upper and lower straps are 1/2 in. (138 mm) apart after 
tightening nuts. Straps should not touch when properly installed. 
Straps must be replaced if upper or lower straps touch. 
12. Tighten nuts (26) to 23-27 lb-ft. (31-37 N-m). 
13. Connect vent line (38) to filler spout (39). 


14. Secure vent line (38) to body (34) with clamp (35), washer (36), capscrew (47), washer (36), and 
locknut (37). Tighten locknut (37) to 6 lb-ft (8 N-m). 


\ 
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3-25. FUEL TANK AND SHIELD MAINTENANCE (Cont'd) 


15. Install filler spout (39) into hose (46) and tighten clamp (45). 


16. Install filler spout (39) to body (34) with clamp (42), washer (43), capscrew (44), washer (41), and 
locknut (40). Tighten locknut (40) to 6 lb-ft (8 N-m). 


FOLLOW-ON TASKS: 


¢ Install right rear underbody armor (M1114 only) (para. 11-39). 
¢ Install rear propeller shaft (para. 6-4). 
e 


Connect battery ground cab rg SS a: 
Fill fuel tank (TM 9-2320-387-10) and check for leaks. 
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3-26. FUEL TANK SUPPLY AND RETURN LINES REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic's tool kit: Engine right splash shield removed (para. 10-24). 


automotive (Appendix B, Item 1) : 
General Safety Instructions 


Materials/Parts Do not perform this procedure near fire, flames, or 
Two locknuts (Appendix G, Item 109) sparks. 
Manual References Maintenance Level 
M $ D- 3d C Unit 
TM 9-2320-387-24F 
WARNING 


Diesel fuel is highly flammable. Do not perform this procedure 
near fire, flames, or sparks. Severe injury or death may result. 


CAUTION 


Cover or plug all open hoses and connections immediately after 
disconnection to prevent contamination. Remove all plugs prior to 
connection. 


NOTE 
Have drainage container ready to catch fuel. 
1. Loosen four clamps (7) and disconnect hoses (6) from fuel tank return and supply lines (8). 


2. Remove two locknuts (1), capscrews (5), washers (4), clamps (3), and return and supply lines (8) from 
front body bracket (2) and rear body bracket (10). Discard locknuts (1). 


3. Remove three clips (9) from fuel supply and return lines (8). 


b. Installation 


1. Install return and supply lines (8) on front body bracket (2) and rear body bracket (10) with two 
clamps (3), washers (4), capscrews (5), and locknuts (1). 


2. Connect supply and return lines (8) to four hoses (6) and tighten clamps (7). 
3. Secure fuel supply and return lines (8) together with three clips (9). 
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3-26. FUEL TANK SUPPLY AND RETURN LINES REPLACEMENT (Cont'd) 


FOLLOW-ON TASKS: ¢ Install engine right splash shield (para. 10-24). 
e Fill fuel tank (TM 9-2320-387-10)|and check for fuel leaks. 
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3-27. AUXILIARY FUEL PICKUP AND RETURN LINES REPLACEMENT 7 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: Fuel tank removed (para. 3-25). 


t tive (A) dix B, Item 1 
automotive (Appendix em 1) General Safety Instructions 


Materials/Parts Do not perform this procedure near fire, flames, 
Sealing compound (Appendix C, Item 60) or sparks. 
Manual References Maintenance Level 
TM 9-2320-387-24P Unit 
WARNING 


Diesel fuel is highly flammable. Do not perform this procedure 
near fire, flames, or sparks. Severe injury or death may result. 


a. Removal 


CAUTION 


Cover or plug all open hoses and connections immediately after 
disconnection to prevent contamination. Remove all plugs prior to 
connection. 


NOTE 
Have drainage container ready to catch fuel. 
Remove screw (5) and clamp (7) from fuel return line (6), fuel pickup line (4), and fuel line clamp (8). 
Remove fuel pickup line (4) from fuel tube (3) on fuel tank (1). 
Remove fuel return line (6) from fuel tube (2). 


b. Installation 


1. Apply sealing compound to threads of fuel return line (6) and fuel pickup line (4). 
2. Install fuel return line (6) to fuel tube (2) on fuel tank (1). 

3. Install fuel pickup line (4) to fuel tube (3). 
4. 


Install clamp (7) on fuel return line (6) and fuel pickup line (4) and secure to fuel line clamp (8) 
with screw (5). 


YN re 
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3-27. AUXILIARY FUEL PICKUP AND RETURN LINES REPLACEMENT (Cont'd) 


5). 


FOLLOW-ON TASK: Install fuel tan 


ee 
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3-28. FUEL TANK VENT LINE AND FILTER REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic's tool kit: ¢ Fuel tank removed (para. 3-25). 
automotive (Appendix B, Item 1) ¢ Hood raised and secured|(TM 9-2320-387-10) 
Materials/Parts Maintenance Level 
Tiedown strap (Appendix G, Item 460) Unit 


Locknut (Appendix G, Item 109) 
Manual References 


TM _9-2320-387-10 
TM_9-2320-387-24P 


a. Removal 


CAUTION 


Cover or plug all open hoses and connections immediately after disconnection 
to prevent contamination. Remove all plugs prior to connection. 


NOTE 

¢ For fuel tank vent line filter replacement, perform steps 5, 8, and 9 only. 

¢ Insulation may need to be removed to access vent and fuel lines. 
Remove clip (9) from fuel tank vent line (3) and vent line (6). 
Remove two capscrews (2) securing clamps (1) and (7) and vent lines (3) and (6) to brackets (8). 
Remove tiedown strap (4) from vent line (6) and fuel lines (5). Discard tiedown strap (4). 
Disconnect vent line (3) from elbow (16). 
Loosen two clamps (14) and remove vent line (15) from vent line filter (13) and elbow (16). 
Remove two clamps (14) from vent line (15). 
Remove two clamps (1) from vent line (3). 


SOY or Pe we 


NOTE 
Perform step 8 only when deep water fording kit is installed. 
8. Disconnect deep water fording vent line (19) from vent line filter (13). 


9. Remove locknut (12), washer (11), capscrew (18), clamp (10), and vent line filter (13) from body 
bracket (17). Discard locknut (12). 


b. Installation 


NOTE 
For fuel tank vent line filter replacement, perform steps 1, 2, and 5 only. 


1. Install clamp (10) and vent line filter (13) on body bracket (17) with capscrew (18), washer (11), and 
locknut (12). 


NOTE 
Perform step 2 only when deep water fording kit is installed. 


Connect deep water fording vent line (19) to vent line filter (13). 
Install two clamps (1) on vent line (3). 
Install two clamps (14) on vent line (15). 


3-56 Change 1 


TM 9-2320-387-24-1 


3-28. FUEL TANK VENT LINE AND FILTER REPLACEMENT (Cont'd) 


Install vent line (15) on vent line filter (13) and elbow (16) and tighten two clamps (14). 
Connect vent line (3) to elbow (16). 

Install tiedown strap (4) around vent line (3), vent line (6), and fuel lines (5). 

Secure vent lines (3) and (6) and two clamps (1) and (7) on brackets (8) with two capscrews (2). 
Secure vent line (3) to vent line (6) with clip (9). 

10. Install insulation if removed. 


ep 


FOLLOW-ON TASKS: « Install fuel tank} (para. 3-25). 
e¢ Lower and secure hood (TM 9-2320-387-10 
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3-29. FUEL TANK FILLER CAP AND SPOUT MAINTENANCE 


This task covers: 


a. Removal c. Installation 
b. Inspection 


INITIAL SETUP: 
Tools Equipment Condition 
General mechanic's tool kit: ¢ Fuel tank drained|(para. 3-25). 
automotive (Appendix B, Item 1) ¢ Right rear underbody armor removed (M1114 
A Maintenance and repair shop equipment: only) (para. 11-39). 
automotive (Appendix B, Item 2) General Safety Instructions 
Materials/Parts Do not perform this procedure near fire, flames, or 
al Locknut (Appendix G, Item 109) Sparks. 
Sealing compound (Appendix C, Item 64) Maintenance evel 
Manual References “Unit 32st 


TM _ 9-2320-387-10 
TM 9-2320-387-24P 


WARNING 


Diesel fuel is highly flammable. Do not perform this procedure 
near fire, flames, or sparks. Severe injury or death may result. 


a. Removal 


Remove filler cap (6) and detach cap chain clip (7) from filler spout (11). 
Disconnect vent line (1) from elbow (2). 

Remove three capscrews (5) and washers (4) from spout mounting ring (8). 
Loosen clamp (16) securing filler spout (11) to hose (17). 


Remove locknut (12, washer (13), capscrew (15), washer (13), and clamp (14) from filler spout (11). 
Discard locknut (12). 


Push filler spout (11) out of spout mounting ring (8) and remove filler spout (11) from hose (17). 
Remove elbow (2) from filler spout (11). 
Using handle (9), remove screen (10) from filler spout (11). 


b. Inspection 


1. pester screen (10) for damage, debris, or blockage. Replace if damaged, or if debris or blockage is 
etected. 


ll 2. Inspect three rivnuts (3) for damage, refer to para. 10-56. Replace if damaged. 


c. Installation 


SN a Mew NP 


1. Apply sealing compound to elbow (2) and install elbow (2) on filler spout (11). 
2. Align filler spout (11) with hose (17) and push filler spout (11) into hose (17). 
a 3. Install filler spout (11) on spout mounting ring (8) with three washers (4) and capscrews (5). 
4. Tighten clamp (16) on hose (17). 
5 


Install filler spout (11) on body (18) with clamp (14), washer (13), capscrew (15), washer (13), and 
locknut (12). Tighten locknut (12) to 6 Ib-ft (8 N-m). 


6. Connect vent line (1) to elbow (2). 
7. Using handle (9), install screen (10) in filler spout (11). 
8. Attach filler cap chain clip (7) to filler spout (11) and install filler cap (6). 
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3-29. FUEL TANK FILLER CAP AND SPOUT MAINTENANCE (Cont'd) 


FOLLOW-ON TASKS: ¢ Install right rear underbody armor (M1114 only) (para. 11-39). 
e Fill fuel tank (TM 9-2320-387-10) and check filler spout for fuel leaks. 
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3-30. FUEL TANK FILLER SPOUT VENT LINE REPLACEMENT © 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: (TM 9-2320-387-24P 


automotive (Appendix B, Item 1) : 
Equipment Condition 


Materials/Parts ¢ Rear propeller shaft removed (para. 6-4). 
Locknut (Appendix G, Item 109) e Right rear underbody armor removed (M1114 only) 
Adhesive (Appendix C, Item 2) (para. 11-39). 


Sealing compound (Appendix C, Item 61 
ann pound sAppe ) Maintenance Level 


Unit 


a. Removal 


1. Disconnect vent line (2) from fuel filler spout elbow (3). 


2. Remove locknut (7), washer (5), capscrew (4), washer (5), and clamp (6) from body (1). Discard 
locknut (7). 


Disconnect and remove vent line (2) from tee (12). 
Disconnect vent line (10) from tee (12). 

Remove capscrew (16) and clamp (11) from body (1). 
Loosen two nuts (14) to allow access to elbow (8). 


Disconnect vent line (10) frem elbow (8) on fuel tank (9), cut vent line (10), and remove vent line (10) 
from crossmember (15). 


Ce or ee 


b. Installation 


NOTE 


Use sealing compound on all vent line connector threads before 
installation. 


1. Connect vent line (10) to elbow (8) on fuel tank (9). 


NOTE 

Upper and lower straps should be approximately 1/2 in. (13 mm) 

apart after tightening nuts. Straps should not touch when properly 

installed. Straps must be replaced if upper and lower straps touch. 
Apply adhesive to threads of capscrews (13) and tighten nuts (14) to 23-27 Ib-in (2.6-3 N-m). 
Install clamp (11) and vent line (10) on body (1) with capscrew (16). 
Route vent line (10) through crossmember (15). 
Connect vent line (10) to tee (12). 
Connect vent line (2) to tee (12). 


Install vent line (2) and clamp (6) on body (1) with washer (5), capscrew (4), washer (5), and 
locknut (7). Tighten locknut (7) to 6 lb-ft (8 N-m). 


8. Connect vent line (2) to fuel filler spout elbow (3). 
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3-30. FUEL TANK FILLER SPOUT VENT LINE REPLACEMENT (Cont'd) 


©) 


FOLLOW-ON TASKS: ¢ Install right rear underbody armor (M1114 only) (para. 11-39). 
¢ Install rear propeller shaft : 
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3-31. FILLER SPOUT HOSE REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: e Fuel tank drained/(para. 3-25 
automotive (Appendix B, Item 1) e Right rear underbody armor removed (M1114 only) 
(para. 11-39). 
Manual References 
‘TM 9-2320-387-10 General Safety Instructions 
(TM 9-2320-387-24F Do not perform this procedure near fire, flames, or 
sparks. 
Maintenance Level 
Unit 
WARNING 


Diesel fuel is highly flammable. Do not perform this procedure 
near fire, flames, or sparks. Severe injury or death may result. 


a. Removal 


1. Loosen clamps (4) and (3) securing hose (1) to fuel tank (5) and filler spout (2). 


2. Slide hose (1) onto filler spout (2) until disconnected from fuel tank (5). Remove hose (1) from filler 
spout (2). 


b. Installation 


NOTE 
Position clamps attaching filler hose to fuel tank as shown. 


1. Install hose (1) on filler spout (2) and slide onto filler spout (2) until hose (1) clears fuel tank (5). 
2. Connect hose (1) to fuel tank (5) and tighten clamps (3) and (4). 


FOLLOW-ON TASKS: « Install right rear underbody armor (M1114 only) (para. 11-39). 
e Fill fuel tank (TM 9-2320-387-10) and check for leaks. 
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3-32. FUEL TANK HANGERS REPLACEMENT | 


This task covers: 
a. Removal b. Installation 


INITIAL SETUP: 


Tools 


Equipment Condition 


General mechanic’s tool kit: Fuel tank removed (para. 3-25). 
automotive (Appendix B, Item 1) 


Maintenance Level 


Materials/Parts Unit 


Adhesive (Appendix C, Item 2) 


Manual References 


(TM 9-2320-387-24P 


a. Removal 


Remove two nuts (3), washers (4), capscrews (5), and rear hangers (7) from supports (6). 
Twist two front hangers (9) until tee handles (2) clear slots (11) in support (1) and remove front hangers (9). 
Inspect four insulators (8) on front and rear hangers (9) and (7). Remove insulators (8), if damaged. 


b. Installation 


1. Install four insulators (8) on front and rear hangers (9) and (7), if removed. 


2. Install two front hangers (9) by inserting tee handles (2) up through slots (11) in support (1). Twist 
hangers (9) so that tee handles (2) are resting across slots (11) and against side of ridge (10). 


NOTE 
Apply adhesive to threads of screws before installation. 


3. Install two rear hangers (7) on supports (6) with capscrews (5), washers (4), and nuts (8). 
Tighten nuts (3) to 37 Ib-ft (50 N-m). 


1. 
2; 
3. 


FOLLOW-ON TASK: Install fuel tank[(para. 3-25). 
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3-33. FUEL FILTER MAINTENANCE a 


This task covers: 
a. Removal c. Bleeding 
b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: * Hood raised and secured (TM 9-2320-387-10). 
automotive (Appendix B, Item 1) e Engine access cover removed (para. 10-22). 
Maintenance and repair shop equipment: ¢ Fuel pressure transducer removed|(para. 4-30). 


tomotive (Appendix B, Item 2 
i General Safety Instructions 
Materials/Parts Do not perform this procedure near fire, flames, or 
Two lockwashers (Appendix G, Item 207) sparks. 
Fuel filter bleeder tool (Appendix D, Fig. D-38) ; 
(optional) Maintenance Level 


Sealing compound (Appendix C, Item 61) Unit 


Manual References 
M$ C 
M H-388 4p 


WARNING 


Diesel fuel is highly flammable. Do not perform this procedure near 
fire, flames, or sparks. Severe injury or death may result. 


| a. Removal | 


CAUTION 


Cover or plug all hoses and connections immediately after disconnection 
to prevent contamination. Remove all plugs prior to connection. 


NOTE 
Have drainage container ready to catch fuel. 


1. Loosen two hose clamps (2) and disconnect fuel inlet hose (1) and fuel outlet hose (12) from fuel filter 
fittings (5). 


2. Loosen hose clamp (8) and disconnect fuel filter drain hose (9) from fuel filter fitting (5). 


3. Pull back insulation to allow access to capscrews (3), and remove two capscrews (3), lockwashers (4), 
and fuel filter bracket (10) from body (11). Discard lockwashers (4). 


. Loosen capscrew (6) and remove fuel filter (7) from fuel filter bracket (10). 
5. Remove three fittings (5) from fuel filter (7). 


b. Installation 


1. Apply sealing compound to threads of three fittings (5). Install fittings (5) on fuel filter (7). 
2. Install fuel filter (7) on fuel filter bracket (10) and tighten capscrew (6). 


3. Install fuel filter bracket (10) on body (11) with two lockwashers (4) and capscrews (3). Tighten 
capscrews (3) to 15 lb-ft (20 Nem). 


4. Connect drain hose (9) to fuel filter fitting (5) and tighten clamp (8) to 10-20 Ib-in. (1-2 Nem). 


5. Connect fuel inlet hose (1) and fuel outlet hose (12) to fuel filter fittings (5) and tighten two clamps (2) 
to 10-20 lb-in. (1-2 N-m). 


TM 9-2320-387-24-1 


3-33. FUEL FILTER MAINTENANCE (Cont'd) 


me eS 


NOTE 


The bleeder tool used in steps 2, 3, and 5 is optional. The tool 
prevents fuel from spilling on engine. 


Install fuel pressure transducer 

Remove fuel filter bleeder screw (13) and install bleeder tool into hole. 
Place open end of bleeder tool hose in clean, clear container. 
Disconnect lead 54A (14) from solenoid (15). 


CAUTION 


Do not operate starter continuously for more than 20 seconds; wait 

10 to 15 seconds between periods of operation. Failure to do this 

may result in damage to the starter. 
Crank engine and watch fuel. When air bubbles stop coming through hose, remove bleeder tool, and 
install bleeder screw (13). Tighten bleeder screw (13) to 40-50 lb-in. (4-6 N-m). 


Dispose of fuel in accordance with local SOP. 


Connect lead 54A (14) to fuel solenoid (15). 


e Install engine access cover (para. 10-22). 
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3-34. FUEL FILTER ELEMENT MAINTENANCE | 


This task covers: 
a. Element Removal c. Element Installation 
b. Cleaning and Inspection 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: Fuel pressure transducer removed (para. 4-30) 


tomotive (Appendix B, Item 1 
automotive (Appendix em 1) General Safety Instructions 


Materials/Parts ¢ Do not perform this procedure near fire, flames, 
Filter element kit or sparks. 
(Appendix G, Item 52) ¢ Drycleaning solvent is flammable and will not be 


used near an open flame. 
Manual References 


(TM9-2820-387-24P Maintenance Level 


Unit 


WARNING 


Diesel fuel is highly flammable. Do not perform this procedure 
near fire, flames, or sparks. Severe injury or death may result. 


CAUTION 


Cover or plug all hoses and connections immediately after disconnection 
to prevent contamination. Remove all plugs prior to connection. 


1. Loosen two hose clamps (2) and disconnect fuel inlet hose (1) and fuel outlet hose (15) from fuel filter 
cover (3). ; 


. Loosen hose clamp (7) and disconnect fuel filter drain hose (8) from filter housing (6). 
. Remove nut (11), capscrew (9), and filter housing (6) from fuel filter bracket (10). 

. Remove three capscrews (4), washers (5), and cover (3) from filter housing (6). 

. Remove O-ring seal (14) from filter housing (6). Discard O-ring seal (14). 

. Remove filter element (12) and separator (13) from filter housing (6). 

. Remove separator (13) from filter element (12). Discard filter element (12). 


b. Cleaning and Inspection |. 


2 
3 
4 
5 
6 
7 


WARNING 


Drycleaning solvent is flammable and will not be used near an 

open flame. A fire extinguisher will be kept nearby when the 

solvent is used. Use only in well-ventilated places. Failure to do 

this may result in injury to personnel and/or damage to equipment. 
1. Use drycleaning solvent to clean all metallic parts. 


Inspect filter housing (6) and cover (3) for distortion or damage. Replace if damaged. 


3. Inspect separator (13) for dirt, contamination, or damage. Replace if dirty, contaminated, or 
damaged. 
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3-34. FUEL FILTER ELEMENT MAINTENANCE (Cont’d) 


Install filter element (12) into filter housing (6). 
Install separator (13) on filter element (12). 
Install] O-ring seal (14) on filter housing (6). 


Install cover (3) on filter housing (6) with three washers (5) and capscrews (4). Tighten capscrews (4) 
to 50-60 lb-in. (6-7 Nem). 


Install filter housing (6) in fuel filter bracket (10) with capscrew (9) and nut (11). 
Connect fuel filter drain hose (8) to filter housing (6) and tighten clamp (7) to 10-20 Ib-in. (1-2 N-m). 


Connect fuel inlet hose (1) and fuel outlet hose (15) to fuel filter cover (3) and tighten clamps (2) to 
10-20 Ib-in. (1-2 Nem). 


ee 


rm gr 


FOLLOW-ON TASK: Bleed fuel filter[(para. 3-33). 
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3-35. FUEL FILTER DRAIN HOSE AND VALVE REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: Hood raised and secured (TM 9-2320-387-10). 
automotive (Appendix B, Item 1) 
: General Safety Instructions 
Diateriats/ Pants Do not perform this procedure near fire, flames, or 
Locknut (Appendix G, Item 109) a 
Manual References 
TEM 9-2320-387-10 Maintenance Level 
TM 9-2320-387-248 Une 
Personnel Required 
One mechanic 
One assistant 
WARNING 


Diesel fuel is highly flammable. Do not perform this procedure near 
fire, flames, or sparks. Severe injury or death may result. 


CAUTION 


Cover or plug all open hoses and connections immediately after 
disconnection to prevent contamination. Remove all plugs prior to 


connection. 
NOTE 
¢ For fuel filter drainvalve replacement, perform steps 1 and 2 
only. 


e Have drainage container ready to catch fuel. 
1. Loosen clamp (7) and disconnect drain hose (10) from fuel filter drainvalve (6). 


2. Remove nut (13) and fuel filter drainvalve (6) from bracket (14) (M1113 only) or splash shield (12) 
(M1114 only). 


3. Loosen clamp (2) and disconnect fuel filter drain hose (10) from fuel filter assembly (1). 


4. Remove locknut (5), capscrew (11), clamp (4), and drain hose (10) from cow] panel (3). Discard 
locknut (5). 


5. Remove capscrew (9), drain hose (10), and clamp (8) from panel (3). 


b. Installation 
NOTE 


For fuel filter drainvalve replacement, perform steps 4 and 5 only. 
Install drain hose (10) on cow! panel (3) with clamp (8) and capscrew (9). 


Install drain hose (10) on cowl panel (3) with clamp (4), capscrew (11), and locknut (5). 
Connect drain hose (10) to fuel filter assembly (1) and tighten clamp (2). 

Install fuel filter drainvalve (6) on bracket (14) (M1113 only) or splash shield (12) (M1114 only). 
Connect drain hose (10) to fuel filter drainvalve (6) and tighten clamp (7). 


oR ON Pe 
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3-35. FUEL FILTER DRAIN HOSE AND VALVE REPLACEMENT (Cont'd) 


/ 


of, 


(5 
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and check for leaks. 


¢ Lower and s 


FOLLOW-ON TASKS: « Start engine 
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3-36. FUEL INJECTION PUMP RETURN HOSE CHECK VALVE MAINTENANCE 


This task covers: 
a. Removal c. Installation 
b. Cleaning and Inspection 
INITIAL SETUP: 
Tools General Safety Instructions 
General mechanic’s tool kit: * Do not perform this procedure near fire, flames, 
automotive (Appendix B, Item 1) or sparks. 
e Compressed air used for cleaning purposes will 
Manual References not exceed 30 psi (207 kPa). 
TM 9-2320-387-24P 
Maintenance Level 
Material/Parts Unit 


O-ring (Appendix G, Item 256) 


Equipment Condition 
Air horn removed (para. 3-14) 


WARNING 


Diesel fuel is highly flammable. Do not perform this procedure near 
: fire, flames, or sparks. Severe injury or death may result. 


a. Removal 


| CAUTION 
| Cover or plug all hoses and connections immediately after 


disconnection to prevent contanunation. Remove all plugs prior to 
connection. 


1. Remove clamp (2) and hose (1) from injection pump check valve (3). 
2. Remove check valve (3) and O-ring (4) from injection pump (5). Discard O-ring (4). 


b. Cleaning and Inspection 


WARNING 


Compressed air used for cleaning purposes will not exceed 30 psi 
(207 kPa). Use only with effective chip guarding and personal 
protective equipment (goggles/shield, gloves, etc.). 


Examine lower end of check valve (3), where ball seats, for evidence of debris. If debris is present, blow 
compressed air through check valve. Replace check valve (3) if debris remains, or if check valve (3) fails 
to function properly. 


c. Installation 


1. Install O-ring (4) and check valve (3) on injection pump (5). 
2. Connect hose (1) to check valve (3) with clamp (2). 
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3-36. FUEL INJECTION PUMP RETURN HOSE CHECK VALVE MAINTENANCE (Cont'd) 
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FOLLOW-ON TASK: Install air horn 
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3-37. FUEL INJECTION RETURN HOSES REPLACEMENT 


This task covers: 


a. Fuel Drain-Back Hose Removal e. Nozzle-to-Nozzle Hose Removal 
b. Fuel Drain-Back Hose Installation f. Nozzle-to-Nozzle Hose Installation 
c. Tube-to-Nozzle Hose Removal g. Nozzle Cap Removal 
d. Tube-to-Nozzle Hose Installation h. Nozzle Cap Installation 
INITIAL SETUP: 
i General Safety Instructions 
General mechanic’s tool kit: Do not perform this procedure near fire, flames, or 
automotive (Appendix B, Item 1) sparks. 


Manual References Maintenance Level 
'TM 9-2320-387-10 Unit 

TM 9-2320-387-24P 

Equipment Condition 


e Engine access cover removed (para. 10-22). 
e Air horn removed (para. 3-14). 


WARNING 


Diesel fuel is highly flammable. Do not perform this procedure near 
fire, flames, or sparks. Severe injury or death may result. 
CAUTION 


Cover or plug all hoses and connections immediately after disconnection 
to prevent contamination. Remove all plugs prior to conner*ion. 


NOTE 
Have drainage container ready to catch fuel. 


a. Fuel Drain-Back Hose Removal 


1. Loosen two clamps (2) and remove hose (3) from injection pump (4) and fuel drain-back tube (1). 
2. Remove two clamps (2) from hose (3). 


b. Fuel Drain-Back Hose Installation 


1. Install two clamps (2) on hose (3). 
2. Connect hose (3) to injection pump (4) and fuel drain-back tube (1) with two clamps (2). 


c. Tube-to-Nozzle Hose Removal 


1. Loosen two clamps (5) and remove hose (6) from nozzle (7) and fuel drain-back tube (1). 
2. Remove two clamps (5) from hose (6). 


d. Tube-to-Nozzle Hose Installation 


1. Install two clamps (5) on hose (6). 
2. Connect hose (6) to nozzle (7) and fuel drain-back tube (1) with two clamps (5). 


e 
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3-37. FUEL INJECTION RETURN HOSES REPLACEMENT (Cont'd) 
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3-37. FUEL INJECTION RETURN HOSES REPLACEMENT (Cont'd) 


e. Nozzle-to-Nozzle Hose Removal 


1. Loosen two clamps (5) and disconnect hose (6) from two nozzles (4). 
2. Remove two clamps (5) from hose (6). 


f. Nozzle-to-Nozzle Hose Installation 


1. Install two clamps (5) on hose (6). 
2. Connect hose (6) to two nozzles (4) with two clamps (5). 


g. Nozzle Cap Removal 


Remove clamp (2) and cap (1) from rear nozzle nipple (3). 


h. Nozzle Cap Installation 


Install cap (1) on rear nozzle nipple (3) with clamp (2). 


w 
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3-37. FUEL INJECTION RETURN HOSES REPLACEMENT (Cont'd) 


TM 9-2320-387-24-1 


FOLLOW-ON TASKS: « Install air horn (p ; 
e Install engine access cover (para. 10-22). 
¢ Start engine|(T'M 9-2320-387-10) and check for fuel leaks. 
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3-38. FUEL DRAIN-BACK TUBE REPLACEMENT , 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: Air horn removed (para. 3-14). 


automotive (Appendix B, Item 1) ; 
General Safety Instructions 


Materials/Parts Do not perform this procedure near fire, flames, or 
Lockwasher (Appendix G, Item 207) sparks. 
Manual References Maintenance Level 
vu 9 0-387-1 Unit 


WARNING 


Diesel fuel is highly flammable. Do not perform this procedure near 
fire, flames, or sparks. Severe injury or death may result. 


a. Removal 


CAUTION 


Cover or plug all hoses and connections immediately after disconnection 
to prevent contamination. Remove all plugs prior to reconnection. 


1. Remove nut (17), lockwasher (18), and engine wiring harness clamp (15) from stud (19). Discard 
lockwasher (18). 


2. Remove stud (19), fuel drain-back tube (5), clamp (20), fuel supply line (14), and clamp (16) from 
cylinder head (23). 


Loosen two clamps (10) and disconnect two hoses (11) from fuel drain-back tube (5). 

Loosen clamp (22) and disconnect fuel return hose (21) from fuel drain-back tube (5). 

Loosen clamp (4) and disconnect fuel drain-back hose (3) from fuel drain-back tube (5). 
Remove nut (7), washer (8), clamp (9), and fuel-drain-back tube (5) from valve cover stud (6). 
Remove capscrew (1), washer (24), and clamp (12) from front engine cover (13). 

Remove drain-back tube (5). 


b. Installation 


1. Position fuel drain-back tube (5) in front of injection pump (2). 

2. Connect fuel return hose (21) to fuel drain-back tube (5) with clamp (22). 
3. Connect two hoses (11) to fuel drain-back tube (5) with two clamps (10). 

4. Connect fuel drain-back hose (3) to fuel drain-back tube (5) with clamp (4). 


5. Install fuel drain-back tube (5) on valve cover stud (6) with clamp (9), washer (8), and nut (7). 
Tighten nut (7) to 13-20 lb-ft (18-27 N-m). 


6. Install fuel drain-back tube (5) on front engine cover (13) with clamp (12), washer (24), and capscrew (1). 
Tighten capscrew (1) to 40 lb-ft (54 N-m). 


7. Install fuel supply line (14), clamp (16), fuel drain-back tube (5), and clamp (20) on cylinder 
head (23) with stud (19). 


8. Install wiring harness clamp (15) on stud (19) with lockwasher (18) and nut (17). 
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3-38. FUEL DRAIN-BACK TUBE REPLACEMENT (Cont'd] | 


FOLLOW-ON TASKS: ° Install air horn para_3-14). 
¢ Start engine|(TM 9-2320-387-10) and check for fuel leaks. 
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3-39. GLOW PLUG REPLACEMENT ae 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: "TM 9-2320-387-10 
automotive (Appendix B, Item 1) M9 0-387-24F 
Maintenance and repair shop equipment: : sa 
automotive (Appendix B, Item 2) Equipment Condition 
; ¢ Battery ground cables disconnected[(p 4-68). 
Special Tools ¢ Hood raised and secured (TM 9-2320-387-10). 


Socket, 3/8 in. (Appendix B, Item 144) : 
Maintenance Level 


Unit 


1. Disconnect electrical lead 575 (3) from glow plug (2). 


NOTE 


If glow plug is damaged or broken, notify unit commander. 
Damaged or broken glow plugs are removed at DS maintenance 
(para. 15-22). 


2. Remove glow plug (2) from cylinder head (1). 


b. Installation ae 


NOTE 
HMMWY glow plugs have bullet-shaped tips, not flat tips. 
1. Install glow plug (2) in cylinder head (1). Tighten glow plug (2) to 8-12 lb-ft (11-16 N-m). 
2. Connect electrical lead 575 (3) to glow plug (2). 


FOLLOW-ON TASKS: ¢ Connect battery ground cables((para. 4-68). vee 
e Lower and secure hood|(TM 9-2320-387-10) 
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3-40. RIGHT FUEL INJECTION LINES BRACKET REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic's tool kit: e Engine access cover removed (para. 10-22). 
automotive (Appendix B, Item 1) e Air horn removed ((para. 3-14). 
Manual References Maintenance Level 
(TM 9-2920-387-24F Unit 


a. Removal 


1. Remove two screw-assembled washers (6), clamps (5), and clamp (7) from bracket (1). 
2. Inspect two clamps (5) for cracks or breaks. Replace if defective. 
3. Remove two nuts (3), washers (2), and bracket (1) from valve cover studs (4). 


b. Installation 


1. Install bracket (1) on two valve cover studs (4) with washers (2) and nuts (3). Tighten nuts (3) to 
13-20 lb-ft (18-27 N-m). 


2. Install two clamps (5) and clamp (7) on bracket (1) with two screw-assembled washers (6). Tighten 
screw-assembled washers (6) to 3-4 Ib-ft (4-5 Nem). 


o- \ 


Sin 


FOLLOW-ON TASKS: «¢ Install air horn (para. 3-14). 
¢ Install engine access cover (para. 10-22). 
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3-41. LEFT FUEL INJECTION LINES BRACKET REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: e Hood raised and secured (TM 9-2320-387-10). 
automotive (Appendix B, Item 1) e Engine access cover removed (para. 10-22). 
Manual References Maintenance Level 
Unit 
M9 0-38 F 


a. Removal 


1. Remove screw-assembled washer (2) and clamp (1) from bracket (5). 

2. Remove screw-assembled washer (8) and clamp (9) from bracket (5). 

3. Remove two screw-assembled washers (3) and oil dipstick tube (4) from bracket (5). 
4. Remove two nuts (6), washers (7), and bracket (5) from valve cover studs (10). 


b. Installation 


1. Install bracket (5) on two valve cover studs (10) with washers (7) and nuts (6). Tighten nuts (6) to 
13-20 lb-ft (18-27 N-m). 


2. Secure oil dipstick tube (4) to bracket (5) with two screw-assembled washers (3). Tighten screw- 
assembled washers (3) to 3-4 lb-ft (4-5 Nem). 


3. Install clamp (9) on bracket (5) with screw-assembled washer (8). Tighten screw-assembled 
washer (8) to 3-4 lb-ft (4-5 Nem). 


4. Install clamp (1) on bracket (5) with screw-assembled washer (2). Tighten screw-assembled 
washer (2) to 3-4 lb-ft (4-5 N-m). 


FOLLOW-ON TASKS: « Install engine access cover (para. 10-22). ee 
e Lower and secure hood|(TM 9-2320-387-10). 
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Section Ill. ACCELERATOR SYSTEM MAINTENANCE 


3-42. ACCELERATOR SYSTEM MAINTENANCE TASK SUMMARY 


TASK PAGE 
PARA. PROCEDURES NO. 
[8-43] Accelerator Linkage Maintenance [3-82] 
-44, Accelerator Pedal Replacement [3-86] 
Engine Idle Speed Adjustment 
[3-46. | Hand Throttle Control Cable and Bracket Replacement 3-88 
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3-43. ACCELERATOR LINKAGE MAINTENANCE 


This task covers: 


a. Removal b. Installation 
c. Inspection d. Adjustment 
INITIAL SETUP: 
Tools Personnel Required 
General mechanic's tool kit: One mechanic 
automotive (Appendix B, Item 1) One assistant 


Maintenance and repair shop equipment: Manual References 


automotive (Appendix B, Item 2) TTM 9-2320-387-10 
Materials/Parts TM 9-2320-387-24P 
Four locknuts (Appendix G, Item 183) 


. E . t iti 
Cotter pin (Appendix G, Item 32) guipment Condition 


Nut and lockwasher assembly * Hood raised and secured (TM_9-2320-387-10 
(Appendix G, Item 244) e Engine access cover removed (para. 10-22) 
Lubricating oil, seasonal grade OE Maintenance Level 
(Appendix G, Item 45) Unit 
; 1. Remove cotter pin (18) and washer (17) and disconnect accelerator cable clevis (16) from accelerator 
pedal rod (14). Discard cotter pin (18). 


2. Removehitch pin (1) and washer (2) and disconnect hand throttle clevis (3) from accelerator pedal 
rod (14). 

3. Remove nut and lockwasher assembly (19) and harness clamp (21) from lower capscrew (25). 
Discard nut and lockwasher assembly (19). 


i 4. Remove three locknuts (22), washers (23), capscrews (25), washers (24.1), and two accelerator rod 
retainers (24) from cowl (20). Discard locknuts (22). 
NOTE 
Bushing halves may detach from accelerator pedal rod during 
removal. 
5. Pull accelerator pedal rod (14) forward through gasket (5) in cowl (20) and remove accelerator 
rod (14). 


6. Remove accelerator rod retainers (24) and bushing halves (4) from accelerator pedal rod (14). 
7. Remove gasket (5) from cowl (20). 


| 8. Remove locknut (11), washer (12), capscrew (15), and accelerator cable clevis (16) from body 
bracket (13). Discard locknut (11). 


9. Remove nut (10), capscrew (7), and clamps (6) and (9) from A-beam (8). Remove clamp (9) from 
accelerator cable (28). 


10. Loosen two nuts (27) and disconnect accelerator cable (28) from engine bracket (31). 
11. Disconnect throttle return spring (29) from engine bracket (31). 


: 12. Remove accelerator cable clip (26), accelerator cable (28), and accelerator cable end (32) from 
injection pump throttle shaft (30). 
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3-43. ACCELERATOR LINKAGE MAINTENANCE (Cont'd) 


Inspect throttle spring (4) for damage. Replace if defective. 
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3-43. ACCELERATOR LINKAGE MAINTENANCE (Cont'd) 


1. 


11. 
12. 


Connect accelerator cable (3) to injection pump throttle shaft (6). 


Position throttle shaft lever (5) to full throttle position and secure accelerator cable (3) to injection 
pump throttle shaft (6) with accelerator cable clip (1). 


Connect throttle return spring (4) to engine bracket (7). 
Install cable assembly (3) on engine bracket (7) and tighten two nuts (2). 


Install clamp (17) on cable assembly (3) and install clamps (14) and (17) to A-beam (16) with 
capscrew (15) and nut (18). 


Install accelerator cable clevis (24) on body bracket (21) with capscrew (23), washer (20), and 
locknut (19). 


Position gasket (13) to cowl (28). 


Apply lubricating oil on accelerator bushing halves (12) and accelerator pedal aa (22) at accelerator 
rod retainer (32), 


Position accelerator rod retainers (32) and bushing halves (12) onto accelerator pedal rod (22), 
ensuring retainers (32) are properly seated over bushing halves (12). 


Install accelerator rod retainers (32), accelerator pedal rod (22), and gasket (13) on cowl (28) with 
three washers (32.1), capscrews (33), washers (31), and locknuts (30). Install clamp (29) on lower 
capscrew (33) with nut and lockwasher assembly (27). 


Connect hand throttle clevis (11) to accelerator pedal rod (22) with washer (10) and hitch pin (9). 
Connect accelerator cable clevis (24) to accelerator pedal rod (22) with washer (25) and cotter pin (26). 


d. Adjustment 


aS 
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Loosen two accelerator cable nuts (2) on engine bracket (7). 
Fully depress accelerator pedal. 
Hold throttle shaft lever (5) in full throttle position. 


Adjust accelerator cable nuts (2) up or down so accelerator cable end 8) holds throttle shaft lever (5) in 
full throttle position. 


Tighten two nuts (2) securing accelerator cable (3) to engine bracket (7). 
Release accelerator pedal and ensure throttle shaft lever (5) returns all the way to idle position. 
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3-43. ACCELERATOR LINKAGE MAINTENANCE (Cont'd) 
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FOLLOW-ON TASKS: ¢ Install engine access cover (para. 10-22). 


e Lower and secure hood (TM 9-2320-387-10). 


e Start engine (TM 9-2320-387-10) and check for proper accelerator operation. 
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3-44. ACCELERATOR PEDAL REPLACEMENT | 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: [TM 9-2320-387-10 
automotive (Appendix B, Item 1) TM 9-2320-387-24P 
Materials/Parts Maintenance Level 
Cotter pin (Appendix G, Item 32) Unit 


a. Removal 


Remove cotter pin (3), washer (4), spring (2), pin (6), and accelerator pedal (5) from accelerator rod (1). 
Discard cotter pin (3). 


Install accelerator pedal (5) and spring (2) on accelerator rod (1) with pin (6), washer (4), and cotter 
pin (3). 


FOLLOW-ON TASK: Start engirie (TM 9-2320-387-10) and check for proper accelerator operation. 
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3-45. ENGINE IDLE SPEED ADJUSTMENT 


This task covers: 


Engine Idle Speed Adjustment 


INITIAL SETUP: 
Tools Equipment Condition 
General mechanic's tool kit: 


automotive (Appendix B, Item 1) 


Hood raised and secured) (TM 9-2320-387-10) 
Test Equipment 


General Safety Instructions 


Keep hands and arms away from fan blade and 
STE/ICE-R drivebelts while engine is running. 
Manual References Maintenance Level 
TM 9-2320-387-10 Unit 
TM 9-2320-387-24P 


Engine Idle Speed Adjustment 


WARNING 


Keep hands and arms away from fan blade and drivebelts while 
engine is running or serious injury may result. 
1. Start engine (TM 9-2320-387-10) and bring engine to operating temperature. 


2. Noteidle speed and disconnect lead 569B (2) from injection pump (4). If change in idle speed is noted, 
refer tojpara. 2-28] Fuel System Tests. If no change in idle speed is noted, connect lead 569B (2) to 
injection pump (4). 


Set engine idle speed to 700 rpm (+25 rpm) by turning idle speed adjusting screw (1) on throttle 
shaft lever (3). 
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FOLLOW-ON TASK: Lower and secure hooc (TM _ 9-2320-387-10 
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3-46. HAND THROTTLE CONTROL CABLE AND BRACKET REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Personnel Required 
General mechanic’s tool kit: One mechanic 
automotive (Appendix B, Item 1) One assistant 


Maintenance and repair shop equipment: 


automotive (Appendix B, Item 2) Manual References 


TM_9-2320-387-24P 


Maintenance Level 
Unit 


Materials/Parts 


Four locknuts (Appendix G, Item 109) 
O-ring seal (Appendix G, Item 281) 
Lockwasher (Appendix G, Item 218) 


a. Removal 


1. Remove four screws (7), washers (6), and instrument cluster (8) from instrument pane! (3) and pull 
instrument cluster (8) away to allow access to speedometer cable (4). 


2. Loosen nut (5) and disconnect speedometer cable (4) from speedometer (1). 


3. Remove hitch pin (19) and washer (18) and disconnect hand throttle clevis (16) from accelerator 
rod (17). 


4. Remove locknut (21), washer (9), screw (10), washer (9), and hand throttle cable (11) from 
bracket (12). Discard locknut (21). 


5. Remove two locknuts (13), washers (14), capscrews (20), washers (14), spacers (12.1), and 
bracket (12) from boot (14.1) and cowl (15). Discard locknuts (13). 


6. Loosen nut (25) and remove hand throttle cable (11) from bracket (23). 


7. Remove locknut (30), washer (28), capscrew (27), and washer (28) from bracket (23) and instrument 
panel (3). Discard locknut (30). 


8. Remove nut (22), screw (24), and bracket (23) from instrument panel (3). 
9. Remove setscrew (31) and handle (32) from hand throttle cable (11). 


10. Remove nut (25), lockwasher (33), O-ring seal (34), and nut (26) from hand throttle cable (11). 
Discard O-ring seal (34) and lockwasher (33). 


b. Installation 


Install nut (26), new O-ring seal (34), new lockwasher (33), and nut (25) on hand throttle cable (11). 
Install handle (32) on hand throttle cable (11) with setscrew (31). 
Install bracket (23) on instrument pane! (3) with screw (24) and nut (22). Do not tighten nut (22). 


Align holes in bracket (23), instrument panel (3), and steering column bracket (29) and install 
washer (28), capscrew (27), washer (28), and locknut (30). 


5. Tighten screw (24), and nut (22). 
6. Install hand throttle cable (11) on bracket (23) and tighten nut (25). 


7. Install bracket (12) and two spacers (12.1) on cowl (15) and boot (14.1) with two washers (14), 
capscrews (20), washers (14), and locknuts (13). 


8. Install hand throttle cable (11) on bracket (12) with washer (9), screw (10), washer (9), and 
locknut (21). 


9. Connect clevis (16) to accelerator rod (17) with washer (18) and hitch pin (19). 


10. Connect speedometer cable (4) to soeedometer (1), ensuring core (2) engages with square hole in 
speedometer (1), and tighten nut (5). 


11. Install instrument cluster (8) in instrument pane! (3) with four washers (6) and screws (7). 


ON 
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3-46. HAND THROTTLE CONTROL CABLE AND BRACKET REPLACEMENT (Cont'd) 


ROTATED 90 DEGREES 
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Section IV, EXHAUST SYSTEM MAINTENANCE 


3-47. EXHAUST SYSTEM MAINTENANCE TASK SUMMARY 


neve PROCEDURES ee 
[3-48] Tailpipe Replacement [3-90 
: Muffler and Catalytic Converter Replacement [3-92 
[3-50)] Exhaust Pipe Replacement [3-94 
[3-51] Manifold-to-Turbocharger Exhaust Pipe Replacement [3-95] 
[3-52] Rear Heat Shield Replacement [3-97] 
[3-53] Tailpipe Hanger Replacement 
Tailpipe Insulator Replacement 
[3-55 Muffler Support Bracket Maintenance [3-100 
Right Exhaust Manifold Heat Shield Replacement 
[3-57] Exhaust Manifolds Replacement [3-104] 
[3-58] Right Rear Heat Shield Replacement 
[3-59] Muffler Hanger Replacement 3-107 


3-48. TAILPIPE REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: 'TM 9-2320-387-10 
automotive (Appendix B, Item 1) 'TM 9-2320-387-24P 


Maintenance and repair shop equipment: : 
. ; General Safety Instructions 
automotive (Appendix B, Item 2) ; 
on Do not touch hot exhaust system components with 
Materials/Parts bare hands. 
Gasket (Appendix G, Item 53) 
Three locknuts (Appendix G, Item 157) Unit 
Two lockwashers (Appendix G, Item 206) . 


Maintenance Level 


WARNING 


Do not touch hot exhaust system components with bare hands. Severe 
injury may result. 


1. Remove three locknuts (9), washers (6), capscrews (5), and washers (6) from tailpipe (1) and muffler (7). 
Discard locknuts (9). 


2. Remove two nuts (3), lockwashers (4), and U-bolt (10) from tailpipe (1) and hanger (2). Discard lockwashers (4). 
3. Remove tailpipe (1) and gasket (8) from muffler (7). Discard gasket (8). 
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3-48. TAILPIPE REPLACEMENT (Cont’d) | 


b. Installation 


1. Install gasket (8) and tailpipe (1) on muffler (7) with three washers (6), capscrews (5), washers (6), 
and locknuts (9). Tighten locknuts (9) to 26 lb-ft (35 N-m). 


2. Install tailpipe (1) on hanger (2) with U-bolt (10), two lockwashers (4), and nuts (3). 


FOLLOW-ON TASK: Start engirie (TM 9-2320-387-10) and check for exhaust leaks. 
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3-49. MUFFLER AND CATALYTIC CONVERTER REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: TM _ 9-2320-387-24P 
Mai oe at ee al pment oe 
ul ar 
automotive (Appendix B, Item 2) Tailpipe removed |(para. 3-48). 
Material Parts General Safety Instructions 
Nine locknuts (Appendix G, Item 157) Do not touch hot exhaust system components with 
Gasket (Appendix G, Item 55) bare hands. 
Seven lockwashers (Appendix G, | tem 206) Maintenance Level 
Unit 
WARNING 


Do not touch hot exhaust system components with bare hands. 
Severe injury may result. 


a. Removal 


CAUTION 


Support muffler and catalytic converter during replacement. 
Failure to do so may result in damage to equipment. 


1. Remove two clamps (14) and heat shield (15) from crossover pipe (17). 


2. Removetwo nuts (13), U-bolt (23), and support bracket (20) from heat shield (10) and catalytic 
converter (24). 


3. Remove two nuts (6), lockwashers (5), and washers (4) from heat shield (10). Discard lockwashers (5). 


4. Remove capscrew (7), lockwasher (8), and Y-clip (9) at location A and screw (12), lockwashers (11) 
and (28), and nut (29) at location B and heat shield (10) from bracket (27). Discard lockwashers (8), 
(11), and (28). 


5. Remove two nuts (25), washers (26), capscrews (31), washers (30), and bracket (27) from muffler (32). 


6. Removethreelocknuts (18), washers (19), capscrews (22), and washers (21) from catalytic 
converter (24) and crossover pipe (17). Discard locknuts (18). 


7. Removetwo nuts (40), lockwashers (39), and U-bolt (37) from catalytic converter (24) and support 
bracket (38). Discard lockwashers (39). 


8. Remove gasket (16) by pulling catalytic converter (24) towards rear of vehicle. Discard gasket (16). 
NOTE 


It may be necessary to lower rear propeller shaft|(para. 6-4) to gain 
access to locknuts on muffler hanger. 


9. Remove four locknuts (3), washers (2), capscrews (33), washers (34), two retaining plates (35), and 
muffler (32) from muffler hanger (1). Discard locknuts (3). 


10. Remove two locknuts (41), washers (46), capscrews (44), washers (43), insulator (36), retaining 
plate (45), and bracket (42) from muffler (32). Discard locknuts (41). 


b. Installation 


l. Install bracket (42), insulator (36), and retaining plate (45) on muffler (32) with two washers (43), 
capscrews (44), washers (46), and locknuts (41). Tighten locknuts (41) to 10 Ib-ft (14 N-m). 


2. Install muffler (32) and two retaining plates (35) on muffler hanger (1) with four washers (34), 
capscrews (33), washers (2), and locknuts (3). 


3. Install catalytic converter (24) on support bracket (38) with U-bolt (37), two lockwashers (39), and 
nuts (40). 
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3-49. MUFFLER AND CATALYTIC CONVERTER REPLACEMENT (Cont'd) 


4. Install gasket (16) and catalytic converter (24) on crossover pipe (17) with three washers (21), 
capscrews (22), washers (19), and locknuts (18). Tighten locknuts (18) to 26 Ib-ft (35 N-m). 


5. Install bracket (27) on muffler (32) with two washers (30), capscrews (31), washers (26), and nuts (25). 


6. Install bracket (27) on heat shield (10) with Y-clip (9), lockwasher (8), and screw (7) at location A 
and two lockwashers (11) and (28), screw (12), and nut (29) at location B. 


7. Install heat shield (10) on muffler (32) with two washers (4), lockwashers (5), and nuts (6). 
Install heat shield (10) and bracket (20) on catalytic converter (24) with U-bolt (23) and two nuts (13). 
9. Install heat shield (15) on crossover pipe (17) with two clamps (14). Tighten clamps (14) to 60 Ib-in. 

( ) 


oo 


FOLLOW-ON TASK: Install tailpipe (para. 3-48). 
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3-50. EXHAUST PIPE REPLACEMENT | 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition . 
General mechanic’s tool kit: Right rear heat shield removed (para-3-58). 
automotive (Appendix B, Item 1) : 
Maintenance and repair shop equipment: General Safety Instructions 
automotive (Appendix B, Item 2) Do not touch hot exhaust system components with 
bare hands. 
Materials/Parts 
Three locknuts (Appendix G, Item 157) Maintenance Level 
Gasket (Appendix G, Item 55) Unit 
Manual References 
TM 9-2320-387-10 
[TM 9-2320-387-24P 
WARNING 
Do not touch hot exhaust system components with bare hands. Severe 
injury may result. 


a. Removal 


1. Remove two clamps (12) and heat shield (11) from exhaust pipe (3). 


Remove three locknuts (5), washers (4), capscrews (7), washers (4), and exhaust pipe (3) from 
catalytic converter (2). Disvard locknuts (5). 


3. Remove two capscrews (8), washers (9), flange (10), and exhaust pipe (3) from wastegate housing (1). 
4. Remove and discard gasket (6). 


b. Installation 


1. Install flange (10) and exhaust pipe (3) on wastegate housing (1) with two washers (9) and 
capscrews (8). 


2. Install gasket (6) and exhaust pipe (3) on catalytic converter (2) with three washers (4), capscrews (7), 
washers (4), and locknuts (5). Tighten locknuts (5) to 26 Ib-ft (35 N-m). 


3. Install heat shield (11) on exhaust pipe (3) with two clamps (12). 
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3-50. EXHAUST PIPE REPLACEMENT (Cont'd) 


FOLLOW-ON TASKS: « Start engine (TM-9-2320-387-10) and check for exhaust leaks. 
¢ Install right rear heat shield 
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3-51. MANIFOLD-TO-TURBOCHARGER EXHAUST PIPE REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools | General Safety Instructions 
General mechanic’s tool kit: Do not touch hot exhaust system components with 
automotive (Appendix B, Item 1) bare hands. 
Manual References Maintenance Level 
TM 9-2320-387-24F Unit 
Equipment Condition 
Rear heat shield removed((para. 3-52). ° 
WARNING 
Do not touch hot exhaust system components with bare hands. Severe injury 
may result. 
NOTE 


The replacement procedure for left and right manifold-to-turbocharger exhaust 
pipes is basically the same. This procedure covers the left exhaust pipe. 


a. Removal 


1. Loosen clamp (5) and remove exhaust pipe (1) from exhaust manifold (4). Slide clamp (5) onto pipe (1). 
2. Loosen clamp (2) and remove exhaust pipe (1) from turbocharger (3). Slide clamp (2) onto exhaust pipe (1). 
3. Remove clamps (2) and (5) from exhaust pipe (1). 


b. Installation 


1. Install two clamps (2) and (5) on exhaust pipe (1). 
2. Install exhaust pipe (1) on turbocharger (3) and tighten clamp (2). 
3. Install exhaust pipe (1) on exhaust manifold (4) and tighten clamp (5). 


FOLLOW-ON TASK: Install rear heat shield/ (para. 3-59). 
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3-52. REAR HEAT SHIELD REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools General Safety Instructions 
General mechanic’s tool kit: Do not touch hot exhaust system components with 
automotive (Appendix B, Item 1) bare hands. 
Manual References Maintenance Level 
J 0-3 4 Unit 


Equipment Condition 
Right rear heat shield removed|(para. 3-58). 


WARNING 


Do not touch hot exhaust system components with bare hands. Severe 
injury may result. 


1. Remove capscrew (7) from rear heat shield (2) and left exhaust manifold (5). 
2. Remove capscrew (1) from rear heat shield (2) and left cylinder head (6). 
3. Remove two capscrews (3) and rear heat shield (2) from turbocharger (4). 


b. Installation 


1. Install rear heat shield (2) on turbocharger (4) with two capscrews (8). 
2. Install rear heat shield (2) on left cylinder head (6) with capscrew (1). 
3. Install rear heat shield (2) on left exhaust manifold (5) with capscrew (7). 


FOLLOW-ON TASK: Install right rear heat shield[(para. 3-58). 
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3-53. TAILPIPE HANGER REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools General Safety Instructions 
General mechanic’s tool kit: Do not touch hot exhaust system components with 
automotive (Appendix B, Item 1) bare hands. 
Materials/Parts Maintenance Level 
Six locknuts (Appendix G, Item 157) Unit 


Manual References 


TM 9-2320-387-24F 


WARNING 


Do not touch hot exhaust system components with bare hands. 
Severe injury may result. 


a. Removal 


1. Remove four locknuts (5), washers (4), capscrews (9), washers (4), two insulator reinforcement 
plates (10), and insulator (8) from tailpipe hanger (6). Discard locknuts (5). 


2. Remove two locknuts (1), washers (2), capscrews (7), washers (2), and tailpipe hanger (6) from 
frame (3). Discard locknuts (1). 


b. Installation 


1. Install tailpipe hanger (6) on frame (3) with two washers (2), capscrews (7), washers (2), and 
locknuts (1). Tighten capscrews (7) to 26 lb-ft (35 N-m). 


2. Install insulator (8) and two insulator reinforcement plates (10) on tailpipe hanger (6) with four 
washers (4), capscrews (9), washers (4), and locknuts (5). 
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3-54. TAILPIPE INSULATOR REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: Tailpipe removed [(para. 3-48). 


t tive (A dix B, Item 1 

BaP eu Ore pecnar General Safety Instructions 

Materials/Parts Do not touch hot exhaust system components with 
Four locknuts (Appendix G, Item 157) bare hands. 
Two lockwashers (Appendix G, Item 206) 


Maintenance Level 
Manual References Unit 


TM 9-2320-387-24P 


WARNING 


Do not touch hot exhaust system components with bare hands. 
Severe injury may result. 


1. Remove four locknuts (5), washers (6), capscrews (9), washers (8), two reinforcement plates (7), and 
insulator (11) from tailpipe hanger (4). Discard locknuts (5). 


2. Remove two capscrews (3), lockwashers (2), reinforcement plate (1), and U-bolt clamp (10) from 
insulator (11). Discard lockwashers (2). 


b. Installation 


1. Install reinforcement plate (1) and U-bolt clamp (10) on insulator (11) with two lockwashers (2) and 
capscrews (3). Tighten capscrews (3) to 10 lb-ft (14 N-m). 


2. Install insulator (11) and two reinforcement plates (7) on tailpipe hanger (4) with four washers (8), 
capscrews (9), washers (6), and locknuts (5). Tighten locknuts (5) to 10 lb-ft (14 N-m). 


A 


FOLLOW-ON TASK: Install tailpipe (para. 3-48). 
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3-55. MUFFLER SUPPORT BRACKET MAINTENANCE 


This task covers: 
a. Removal c. Assembly 
b. Disassembly d. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: Muffler and catalytic converter removed 
automotive (Appendix B, Item 1) Kpara. 3-49). 
Materials/Parts Maintenance Level 
Four locknuts (Appendix G, Item 157) Unit 


Manual References 
TM 9-2320-387-24P 


a. Removal 


NOTE 
Hold bolt heads on transfer case securely to prevent changing 
torque or damaging transfer case seal. 


Remove two locknuts (1), washers (2), and support bracket assembly (3) from transfer case (4). Discard 
locknuts (1). 


b. Disassembly 


1. Remove two locknuts (9), washers (8), capscrews (5), washers (6), mounting bracket (11), and 
washers (6) from support plate (10). Discard locknuts (9). 


2. Remove two insulators (7) from mounting plate (11). 


c. Assembly 


1. Install two insulators (7) in mounting bracket (11). 


2. Install two washers (6) between mounting bracket (11) and support plate (10) with two washers (6), 
capscrews (5), washers (8), and locknuts (9). Tighten locknuts (9) to 15 lb-ft (20 N-m). 


d. Installation 


NOTE 


Hold bolt heads on transfer case securely to prevent changing 
torque or damaging transfer case seal. 


Install support bracket assembly (3) on transfer case (4) with two washers (2) and locknuts (1). Tighten 
locknuts (1) to 15 lb-ft (20 N-m). 
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3-55. MUFFLER SUPPORT BRACKET MAINTENANCE (Cont'd) 


S 
\s 


7 
BOLT HEADS 


FOLLOW-ON TASK: Install muffler and catalytic converter (para. 3-49). 
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3-56. RIGHT EXHAUST MANIFOLD HEAT SHIELD REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 

Tools Equipment Condition 

General! mechanic’s tool kit: ¢ Hood raised and secured (TM 9-2320-387-10). 

automotive (Appendix B, Item 1) e Right rear heat shield removed (para. 3-59). 
¢ Starter removed|((para. 4-1]). 

Materials/Parts 

Three lockwashers (Appendix G, Item 206) General Safety Instructions 

Do not touch hot exhaust system components with 

Manual References bare hands. 


Niaintenance Level 
Unit 


WARNING 


Do not touch hot exhaust system components with bare hands. 
Severe injury may result. 


a. Removal 


1. Remove two capscrews (5), lockwashers (6), and harness clamps (4) from right exhaust manifold 
heat shield (3). Discard lockwashers (6). 


2. Remove four capscrews (7) and right exhaust manifold heat shield (3) from exhaust manifold (2) and 
cylinder head (1). 


b. Installation 


1. Install night exhaust manifold heat shield (3) on exhaust manifold (2) and cylinder head (1) with 
four capscrews (7). 


2. Install two harness clamps (4) on right exhaust manifold heat shield (3) with two lockwashers (6) and 
capscrews (5). 
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3-56. RIGHT EXHAUST MANIFOLD HEAT SHIELD REPLACEMENT (Cont'd) 


FOLLOW-ON TASKS: 


* Install right rear heat shield[(para- 3-58). 
e Install starter (para. 4-I1). 


Start engine|(TM 9-2320-387-10) and check for exhaust leaks. 
Lower and secure hoo ). 
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3-57. EXHAUST MANIFOLDS REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition (Cont’d) 
General mechanic’s tool kit: e Air horn removed (para. 3-14) (right side only). 
automotive (Appendix B, Item 1) e Right exhaust manifold heat shield removed 
(right side only). 
Manual References ¢ Rear heat shield removed (para. 3-54) (left side only). 


TM 9-2320-387-24P 


General Safety Instructions 


Equipment Condition Do not touch hot exhaust system components 
¢ Oil dipstick tube removed[(para. 3-2) with bare hands. 
(left side only). : 
¢ 200-ampere alternator removed Maintenance Level 
(left side only). Unit 
WARNING 


Do not touch hot exhaust system components with bare hands. 
Severe injury may result. 


NOTE 


The replacement procedure for right and left exhaust manifolds is 
basically the same. This procedure covers the right exhaust 
manifold. 


a. Removal 


1. Loosen and slide clamp (4) onto exhaust pipe (5). 
2. Remove four (eight if left side) capscrews (1) and exhaust manifold (2) from cylinder head (3). 


| b. Installation | 


1. Install exhaust manifold (2) on cylinder head (3) with four (eight if left side) capscrews (1). Tighten 
capscrews (1) to 25-33 Ib-ft (34-45 N-m). 


2. Install exhaust pipe (5) on exhaust manifold (2) and tighten clamp (4). 
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3-57. EXHAUST MANIFOLDS REPLACEMENT (Cont'd) 


FOLLOW-ON TASKS: 


Install 200-ampere alternator[(para. 4-3) (left side only). 

Install oil dipstick tube (para. 3-2) (left side only). 

Install rear heat shield[(para. 3-52) (left side only). 

Install air horn (para. 3-14) (right side only). 

Install right exhaust manifold heat shield|(para. 3-56) (right side only). 
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3-58. RIGHT REAR HEAT SHIELD REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic's tool kit: Engine access cover removed (para. 10-22). 


automotive (Appendix B, Item 1) 
EP General Safety Instructions 


Materials/Parts Do not touch hot exhaust system components with 
Lockwasher (Appendix G, Item 208) bare hands. 

Manual References Maintenance Level 
[TM 9-2320-387-24F Unit 


WARNING 


Do not touch hot exhaust system components with bare hands. 
Severe injury may result. 


a. Removal 


1. Remove capscrew (6), washer (8), and lockwasher (7) from transmission dipstick tube (5), right rear 
heat shield (4), rear heat shield (1), and wastegate housing (9). Discard lockwasher (7). 


2. Remove two capscrews (3) and right rear heat shield (4) from right exhaust manifold heat shield (2). 


b. Installation 


1. Install right rear heat shield (4) on right exhaust manifold heat shield (2) with two capscrews (3). 


2. Install right rear heat shield (4) and transmission dipstick tube (5) on rear heat shield (1) and wastegate 
housing (9) with lockwasher (7), washer (8), and capscrew (6). 


FOLLOW-ON-TASK: Install engine access cover (para. 10-22). 
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3-59. MUFFLER HANGER REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic's tool kit: Muffler and catalytic converter removed 
automotive (Appendix B, Item 1) (para. 3-49). 
Materials/Parts Maintenance Level 
Three locknuts (Appendix G, Item 156) Unit 


Manual References 
TM 9-2320-387-24P 


a. Removal 


Remove three locknuts (4), washers (3), and muffler hanger (1) from frame rail (2). Discard locknuts (4). 


b. Installation 


Install muffler hanger (1) on frame rail (2) with three washers (3) and locknuts (4). Tighten locknuts (4) 
to 75 lb-ft (102 N-m). 


FOLLOW-ON TASK: Install muffler and catalytic converter[(para. 3-49). 
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Section V. COOLING SYSTEM MAINTENANCE 


3-60. COOLING SYSTEM MAINTENANCE TASK SUMMARY 


TASK 
PARA. 


Ole [el |e 
Oy jOY JOY | 
FB MIN, [eh 


PROCEDURES 


Cooling System Servicing 

Radiator and Fan Shroud Assembly Maintenance 
Airlift-to-Shroud Shield Assembly Replacement 
Radiator Support Replacement 

Surge Tank Replacement 

Surge Tank-to-Radiator Vent Hose Replacement 

Surge Tank-to-Water Crossover Vent Hose Replacement 
Thermostat Bypass Hose Replacement 

Fan Drive Hose and Quick-Disconnect Replacement 
Radiator Inlet Hose Replacement 

Radiator Lower Tube Assembly Replacement 

Lower Radiator Hose Replacement 

Water Pump Inlet Hose Replacement 

Surge Tank-to-Lower Radiator Tube Hose Replacement 
Surge Tank Overflow Hose Replacement 

Thermostat Replacement 

Water Pump Pulley Replacement 

Water Pump and Adapter Plate Maintenance 

Water Crossover Maintenance 

Fan Drive and Fan Blade Maintenance 

Serpentine Drivebelt Maintenance 

Tensioner, Idler Pulleys, and Mounting Hardware Replacement 


Fan Drive Friction Lining Replacement 


Change 1 
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3-61. COOLING SYSTEM SERVICING 


This task covers: 
a. Depressurizing c. Preventive Cleaning 
b. Draining System d. Filling System 
INITIAL SETUP: 
Tools Manual References (Cont’d) 
General mechanic’s tool kit: TM 750-254 
automotive (Appendix B, Item 1) TB 750-651 
Maintenance and repair shop equipment: . 
automotive (Appendix B, Item 2) Equipment Condition 
Heel Ractansent Hood raised and securec. (TM 9-2320-387-10). 
Radiator tester (Appendix B, Item 49) General Safety Instructions 
Materials/Parts Do not remove surge tank filler cap before 
Antifreeze (Appendix C, Item 15) releasing internal pressure. 
Manual References Maintenance Level 
_TM 9-2320-387-10 Unit 
TM 9-2320-387-24F 


WARNING 


Do not remove surge tank filler cap before depressurizing system 
when engine temperature is above 190°F (88°C). Steam or hot 
coolant under pressure may cause severe burns. 
1. Ifengine is hot, remove surge tank filler cap (1) by placing a thick cloth over cap (1). Press down and 
turn counterclockwise to its first stop to release internal pressure. 


2. After pressure has escaped, press down and turn cap (1) counterclockwise again and remove. 


b. Draining System 


1. Ifengine is hot, depressurize system (see task a.). 
- NOTE 
Have drainage container ready to catch coolant. 
2. Open drainvalve (4) and allow system to drain. 
3. Close drainvalve (4). 


c. Preventive Cleaning 


1. For preventive cleaning, refer to TB 750-651. 
2. Test surge tank filler cap (1); refer to TM 750-254. 


d. Filling System 
NOTE 


The cooling system for the vehicles covered in this manual has a 
26 qt (24.6 L) capacity. Continue filling and allow air to escape. 
Ensure surge tank coolant level is 3/4 full before securing filler cap. 


1. Ensure radiator drainvalve (4) is closed and heater control valve (3) is open (pull TEMP knob on 
dash to MAX position). 
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3-61. COOLING SYSTEM SERVICING (Cont'd) 


2. Fill system with proper antifreeze solution. See table 3-1 for preparation of antifreeze solutions. 
Secure filler cap (1) to surge tank (2). 


4. Run engineat fast idle (approximately 1,500 rpm) until engine temperature reaches 190°F (88°C), 
opening thermostat to circulate coolant. 


5. Depressurize system (See task a.). 


6. Fill with proper antifreeze solution until surge tank (2) is 3/4 full. See table 3-1] for preparation of 
antifreeze solutions. 


W 


7. Secure filler cap (1) to surge tank (2). 


8. Run engineat fast idle (approximately 1,500 rpm) until temperature reaches 190°F (88°C), opening 
thermostat, and stop engine. 


9. Depressurize system (see task a.). Use tester to ensure proper coolant protection is provided. 
10. Secure filler cap (1) to surge tank (2). 


Table 3-1. Guidefor Preparation of Antifreeze Solutions. 


ETHYLENE-GLYCOL INHIBITED MIL-A-46153 


LOWEST EXPECTED 
AMBIENT 
TEMPERATURE 


PINTS PER GALLON ARCTIC GRADE ANTIFREEZE 
OF COOLANT -90°F (-68°C) 
CAPACITY MIL-A-11755 


-7 d-1/2 : 
-12 Z ; AUTION 


-18 2-3/4 


-23 3-1/4 : Freezing point of -90°F (-68°C). 
-29 3-1/2 : | ssued ready for use and must 

-30 -34 4 : not be mixed with any other 
-40 4-1/4 : liquid. 

-50 -46 4-1/2 

-55 -48 4-3/4 . 

Below -60 Below -51.1 Use arctic grade 
antifreeze -90°F (-68°C) 


FOLLOW-ON TASKS: « Start engine (TM _ 9-2320-387-10) and check cooling system for leaks. 
¢ Lower and secure hood (TM _9-2320-387-10 
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3-62. RADIATOR AND FAN SHROUD ASSEMBLY MAINTENANCE 


This task covers: 


a. Removal c. Installation 
b. Cleaning and Inspection 


INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: TM 9-2320-387-24P 


automotive (Appendix B, Item 1) 


Equipment Conditi 
Maintenance and repair shop equipment: he se dsb 


; ¢ Cooling system drained |(para. 3-61). 
Nee Pe nclee meaie: * Oil cooler removed (para. 3-8). 
Materials/Parts : 
—— — General Safety Instructions 
Seven locknuts (Appendix G, Item 157 Se Te eo 
Eight lockwashers (Appendix G, Item 208) Compressed air used for cleaning purposes 


will not exceed 30 psi (207 kPa). 
Maintenance Level 
Unit 


Personnel Required 


One mechanic 
One assistant 


CAUTION 


Do not bend radiator fins. Damaged fins reduce cooling efficiency, 
which may damage engine. 


a. Removal 


NOTE 
The radiator and fan shroud are removed as a unit. 
Loosen clamp (2) and disconnect radiator inlet hose (1) from radiator (3). 


Loosen clamp (5) and disconnect surge tank-to-radiator vent hose (4) from adapter (6). 
Disconnect control valve hose (14) from elbow (16). 

Disconnect fan drive hose (17) from fan drive (18). 

Disconnect elbow (16) from shroud bulkhead adapter (15). 

Remove clamp (9) and lower radiator front hose (10) from radiator (3). 


we a ge 


Remove locknut (27), washer (28), capscrew (34), washer (33), washer (32), lower mount (30), and 
large washer (29) from radiator (3) and frame bracket (31). Discard locknut (27). 


8. Remove four locknuts (11), washers (12), and capscrews (13) from two support brackets (8) and 
airlift brackets (7). Discard locknuts (11). 


9. Loosen nut (26) and release tension from cross brace (23). 


10. Remove four locknuts (25), washers (24), capscrews (36), and crossbrace (23) from airlift brackets 
(7). 
11. Lift radiator (3) up and remove from vehicle. 


12. Remove eight capscrews (35), lockwashers (37), two retaining strips (38), and fan shroud (39) from 
radiator (3). Discard lockwashers (37). 


13. Remove two locknuts (19), large washers (20), bracket (40) (left side), brackets (21), support 
brackets (8), and insulators (22) from radiator studs (22.1). Discard locknuts (19). 
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3-62. RADIATOR AND FAN SHROUD ASSEMBLY MAINTENANCE (Cont'd) 


Change 1 3-113 


TM 9-2320-387-24-1 


3-62. RADIATOR AND FAN SHROUD ASSEMBLY MAINTENANCE (Cont'd) 


WARNING 


Compressed air used for cleaning purposes will not exceed 30 psi 
(207 kPa). Use only with effective chip guarding and personal 
protective equipment (goggles/shield, gloves, etc.). 


1. Remove dirt, trash, and insects embedded in radiator fins using water and compressed air. 
Inspect radiator adapter (25) for damage. Replace adapter (25) if damaged. 


Inspect radiator (9) for breaks, punctures, cracks, and splits. Replace radiator (9) if broken, 
punctured, cracked, or split. 


4. Inspect shroud bulkhead adapter (26) for damage. Replace bulkhead adapter (26) if damaged. 


5. Inspect fan shroud (21) for cracks, splits, and breaks. Repair fan shroud (21) if cracked, split, or broken. 
Replace fan shroud (21) if damaged beyond repair. 


6. Inspect fan drive hase (27) for cracks or damage. Replace if cracked or damaged. 


c. Installation 
CAUTION 


To ensure proper cooling of engine, upper edge of shroud must 
align with radiator top tank seam or damage to equipment may 
result. 
1. Install fan shroud (21) on radiator (9), with shroud edge (22) aligning with tank seam (23), with two 
retaining strips (20), eght lockwashers (17), and capscrews (18). Tighten capscrews (18) to 6 Ib-ft (8 N-m). 


2. Install two brackets (3), insulators (4), support brackets (24), and bracket (28) (left side), on radiator 
stud (4.1) with two large washers (2) and new locknuts (1). Tighten locknuts (1) to 20 Ib-ft (27 N-m). 


Install radiator (9) on frame bracket (14), aligning two support brackets (24) to airlift brackets (29). 


Install support brackets (24) on airlift brackets (29) with four capscrews (32), washers (31), and 
locknuts (30). Do not tighten locknuts (30). 


5. Install radiator (9), large washer (12), and mount (13) on frame bracket (14) with washer (11), 
washer (15), capscrew (16), washer (11), and locknut (10). Do not tighten capscrew (16). 


6. Install crassbrace (5) on airlift brackets (29) with four capscrews (19), washers (6), and locknuts (7). 


Tighten nut (8) on crossbrace (5) until slack is removed. 
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3-62. RADIATOR AND FAN SHROUD ASSEMBLY MAINTENANCE (Cont'd) 
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3-62. RADIATOR AND FAN SHROUD ASSEMBLY MAINTENANCE (Cont'd) 


NOTE 


¢ Fan shroud should be aligned so the following dimensions are 
maintained. Adjustments may be made by sliding the radiator/shroud 
assembly. Distance A from the edge of shroud ring and rear edge of fan 
must be 1-1/2 + 1/4 in. (38.1 6 mm). Measure distance A at the 2, 4, 8, 
and 10 o'clock positions. 


¢ Fan blade to fan shroud clearance, distance between the top of the fan 
blade and fan shroud, must not be less than 1/4 in. (6 mm) at any 
position. 
8. Align fan shroud (11) and tighten four locknuts (10) to 26 Ib-ft (35 N-m). Tighten capscrew (7) to 
30 Ib-ft (41 N-m). 


9. Connect lower radiator front hose (9) to radiator (3) and tighten clamp (8) to 85-95 Ib-in 
(9.6-10.7 N-m). 


10. Connect fan drive hose (15) to fan drive (16). 
11. Connect elbow (14) to bulkhead adapter (13). 
12. Connect control valve hose (12) to elbow (14). 
13. Connect radiator inlet hose (1) to radiator (3) and tighten clamp (2) to 85-95 Ib-in (9.6-10.7 N-m). 


14. Connect surge tank-to-radiator vent hose (4) to adapter (6) and tighten clamp (5) to 10-20 Ib-in 
(1-2 N-m). 


10 O'CLOCK POSITION 


8 O'CLOCK POSITION 
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3-62. RADIATOR AND FAN SHROUD ASSEMBLY MAINTENANCE (Cont'd) 


FOLLOW-ON TASKS: « Fill cooling system[(para. 3-61). 
¢ Install oil cooler (para. 3-8). 
* Bleed power steering system|(para. 8-27). 
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3-63. AIRLIFT-TO-SHROUD SHIELD ASSEMBLY REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: Radiator and fan shroud removed (para. 3-62). 


automotive (Appendix B, Item 1) 
Maintenance Level 


Manual References Unit 


4P 


a. Removal 


Remove three screws (3) and shield assembly (2) from airlift bracket (1). 


b. Installation 


Install shield assembly (2) on airlift bracket (1) with three screws (3). 


A 


Ss LP 
SS 


) 
) 


FOLLOW-ON TASK: Install radiator and fan shroud[(para. 3-64). 
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3-64. RADIATOR SUPPORTS REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: TM 9-2320-387-24P 


automotive (Appendix B, Item 1) 
Maintenance and repair shop equipment: 
automotive (Appendix B, Item 2) 


Materials/Parts 
Six locknuts (Appendix G, Item 155) 


i 


Remove two locknuts (1), large washers (2), bracket (3) (left side), brackets (4), support brackets (7), 
and insulators (6) from radiator studs (5). Discard locknuts (1). 


Equipment Condition 


¢ Left splash shield removed (para. 10-23). 
¢ Right splash shield removed (para. 10-24). 


Maintenance Level 
Unit 


2. Remove four locknuts (11), washers (9), capscrews (8), and two support brackets (7) from airlift 
brackets (10). Discard locknuts (11). 


b. Installation 
1. 


Install two support brackets (7) on airlift brackets (10) with four capscrews (8), washers (9), and 
locknuts (11). Do not tighten locknuts (11). 


2. Install two brackets (4), insulators (6), support brackets (7), and bracket (3) (left side) on two 
radiator studs (5) with large washers (2) and locknuts (1). Tighten locknuts (1) to 20 Ib-ft (27 N-m). 


3. Tighten four locknuts (11) to 26 Ib-ft (35 N-m). 


FOLLOW-ON TASKS: ¢ Install left splash shield (para. 10-23). 
¢ Install right splash shield (para. 10-24). 
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3-65. SURGE TANK REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: Manual References 
Tools TM 9-2320-387-24P 
General mechanic's tool kit: HavtninientCondidon 
automotive (Appendix B, I|tem 1) ape nen , 
Maintenace and repair shop equipment: Cooling system drained, as required (para. 3-61). 
automotive (Appendix B, Item 2) Maintenances Level 
Unit 
NOTE 


Tag hoses prior to disconnection. 


a. Removal 


ae eee 


Loosen clamp (3) and disconnect surge tank-to-radiator vent hose (6) from surge tank (2). 
Loosen clamp (4) and disconnect surge tank-to-water crossover vent hose (5) from surge tank (2). 
Loosen clamp (9) and disconnect surge tank-to-lower radiator hose (8) from surge tank (2). 

Open two clamps (1) on surge tank (2) and bracket (10). 

Disconnect surge tank overflow hose (7) and remove surge tank (2) from bracket (10). 


b. Installation 


1. 
2. 
3. 


Install surge tank (2) on bracket (10) with two clamps (1). 
Connect surge tank-to-lower radiator hose (8) to surge tank (2) and tighten clamp (9). 


Connect surge tank-to-water crossover vent hose (5) to surge tank (2) and tighten clamp (4) to 
10-20 Ib-in. (1-2 N-m). 


on hl tank-to-radiator vent hose (6) to surge tank (2) and tighten clamp (3) to 10-20 Ib-in. 
1-2 N-m). 


Connect surge tank overflow hose (7) to surge tank (2). 


FOLLOW-ON TASK: Fill cooling system (para. 3-61). 
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3-66. SURGE TANK-TO-RADIATOR VENT HOSE REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic's tool kit: Cooling system depressurized|(para. 3-61). 
automotive (Appendix B, Item 1) ; 
Maintenance and repair shop equipment: Maintenance Level 
automotive (Appendix B, Item 2) Unit 


Manual References 


TM _ 9-2320-387-24P 


a. Removal 


1. Loosen two clamps (2) and remove vent hose (3) from radiator (4) and surge tank (1). 


2. Remove two clamps (2) from vent hose (3). 


b. Installation 


1. Install two clamps (2) on vent hose (3). 


2. Install vent hose (3) on surge tank (1) and radiator (4) and tighten two clamps (2) to 10-20 Ib-in. 
(1-2 N-m). 


FOLLOW-ON TASK: Tighten coolant filler cap|(para. 3-61). 


Change 1 3-121 


TM 9-2320-387-24-1 


3-67. SURGE TANK-TO-WATER CROSSOVER VENT HOSE REPLACEMENT 


This task covers: 
a. Removal b. Installation 


INITIAL SETUP: 


Tools 


Equipment Condition 


General mechanic’s tool kit: 
3 ca : surized (para. 3-61)]. 
automotive (Appendix B, Item 1) ing system depressurized {p ) 


Maintenance and repair shop equipment: 
automotive (Appendix B, Item 2) Unit 


Maintenance Level 


Manual References 


TM 9=2320-387=24P 


a. Removal 


1. Loosen two clamps (2) and remove vent hose (3) from water crossover (4) and surge tank (1). 
2. Remove two clamps (2) from vent hose (3). 


b. Installation 


1. Install two clamps (2) on vent hose (3). 


2. Install vent hose (3) on surge tank (1) and water crossover (4) and tighten two clamps (2) to 
10-20 Ib-in. (1-2 N-m). 


FOLLOW-ON TASK: Tighten coolant filler cap (para. 3-61). 
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3-68. THERMOSTAT BYPASS HOSE REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: Cooling system drained, as required \(para. 3-61). 


automotive (Appendix B, Item 1) 
Maintenance Level 


Manual References Unit 


TM 9-2320-387-24P 


a. Removal 


1. Loosen two clamps (2) and remove thermostat bypass hose (3) from water pump (4) and water 
crossover (1). 


2. Removetwo clamps (2) from hose (3). 


b. Installation 


1. Install two clamps (2) on thermostat bypass hose (3). 
2. Install hose (3) on water pump (4) and water crossover (1) and tighten two clamps (2). 


FOLLOW-ON TASK: Fill cooling system|(para. 3-61). 


Change 1 3-123 


TM 9-2320-387-24-1 


3-69. FAN DRIVE HOSE AND QUICK-DISCONNECT REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 

Tools Manual References 

General mechanic’s tool kit: TM 9-2320-387-10 

automotive (Appendix B, Item 1) TM 9-2320-387-24P 

Material/Parts Equipment Condition 

Sealing compound (Appendix C, Item 60) Hood raised and secured (TM 9-2320-387-10 
Personnel Required Maintenance Level 

One mechanic Unit 


One assistant 


a. Removal 


NOTE 
Have container ready to catch fluid. 
1. Remove control valve hose (9) from elbow (5). 
2. Remove elbow (5) from bulkhead adapter bushing (8). 


3. Remove nut (6), washer (7), and bulkhead adapter bushing (8) with bulkhead adapter (11) from 
shroud (4). 


4. Release fan drive hose quick-disconnect (2) and remove hose (1) from fan drive (3). 
5. Remove bulkhead adapter bushing (8) from bulkhead adapter (11). 

6. Remove bulkhead adapter (11) from fan drive hose (1). 

7. Remove female end of quick-disconnect (2) from fan drive hose (1). 

8. Remove male end of quick-disconnect (12) from fan drive (3). 


b. Installation 
NOTE 


Apply sealing compound to all pipe threads during installation. 
1. Install male end of quick-disconnect (12) on fan drive (3). 
2. Install female end of quick-disconnect (2) on fan drive hose (1). 
3. Install bulkhead adapter (11) on fan drive hose (1). 
4. Install bulkhead adapter bushing (8) on bulkhead adapter (11). 
5 


Install bulkhead adapter (11) and bulkhead adapter bushing (8) on shroud (4) with washer (7) and 
nut (6). 


6. Install hose (1) and fan drive hose quick-disconnect (2) on fan drive (3). 
7. Install elbow (5) on bulkhead adapter bushing (8). 
8. Install control valve hose (9) on elbow (5). 
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3-69. FAN DRIVE HOSE AND QUICK-DISCONNECT REPLACEMENT (Cont'd) 


— 


FOLLOW-ON TASK: Lower and secure hood (TM_9-2320-387-10 
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3-70. RADIATOR INLET HOSE REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic's tool kit: Cooling system depressurized|(para. 3-61). 
automotive (Appendix B, Item 1) ; 
Maintenance and repair shop equipment: Maintenance Level 
automotive (Appendix B, Item 2) Unit 


Manual References 


TM 9-2320-387-24P 


a. Removal 


1. Loosen two clamps (2) and remove inlet hose (3) from radiator (1) and water crossover (4). 
2. Removetwo clamps (2) from hose (3). 


b. Installation 


1. Install two clamps (2) on inlet hose (3). 


2. Install hose (3) on water crossover (4) and radiator (1) and tighten two clamps (2) 
i to 85-95 Ib-in. (10-11 N-m). 
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FOLLOW-ON TASK: Tighten coolant filler cap{(para. 3-61). 
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3-71. RADIATOR LOWER TUBE ASSEMBLY REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: TM_9-2320-387-24P 
automotive (Appendix ei tem 1) Equipment Condition 
ILA ve Geena. tem ena Cooling system drained (para. 3-61). 


Maintenance Level 
Materials/Parts Unit 


Two locknuts (Appendix G, Item 109) 
Tape (Appendix C, Item 77) 


a. Removal 


1. Remove drainvalve (11) from radiator lower tube assembly (10). 


2. Removetwolocknuts (5), washers (3), capscrews (2), and washers (3) from radiator lower tube 
assembly (10) and frame bracket (4). Discard locknuts (5). 


3. Loosen clamp (7) and disconnect water pump inlet hose (6) from radiator lower tube assembly (10). 


4. Loosen clamp (8) and disconnect surge tank-to-lower radiator hose (9) from radiator lower tube 
assembly (10). 


5. Loosen clamp (12) and disconnect lower radiator hose (1) from radiator lower tube assembly (10). 
6. Remove radiator lower tube assembly (10). 


b. Installation 


1. Install radiator lower tube assembly (10) on frame bracket (4) with two washers (3), capscrews (2), 
washers (3), and locknuts (5). Tighten locknuts (5) to 6 Ib-ft (8 N-m). 


2. Connect lower radiator hose (6) to radiator lower tube assembly (10) and tighten clamp (7) to 
85-95 Ib-in. (10-11 N-m). 

3. Connect surge tank-to-lower radiator hose (9) to radiator lower tube assembly (10) and tighten camp (8) 
to 85-95 Ib-in. (10-11 N-m). 

4. Connect water pump inlet hose (1) to radiator lower tube assembly (10) and tighten clamp (12) 
to 85-95 Ib-in. (LO-11 N-m). 

5. Apply sealant-type tape to threads of drainvalve (11) and install drainvalve (11) on radiator lower 
tube assembly (10). 


FOLLOW-ON TASK: Fill cooling system(para. 3-61). 
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3-72. LOWER RADIATOR HOSE REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic's tool kit: Cooling system drained|(para. 3-61) 
automotive (Appendix B, Item 1) 
Maintenance and repair shop equipment: Maintenance Level 
automotive (Appendix B, Item 2) Unit 


Manual References 


TM_9-2320-387-24P 


a. Removal 


1. Loosen two clamps (2) and remove lower radiator hose (3) from radiator (1) and lower tube 
assembly (4). 


2. Remove two clamps (2) from hose (3). 


b. Installation 


1. Install two clamps (2) on lower radiator hose (3). 


2. Install hose (3) on lower tube assembly (4) and radiator (1) and tighten two clamps (2) 
to 85-95 Ib-in. (10-11 N-m). 


FOLLOW-ON TASK: Fill cooling system|(para. 3-61). 
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3-73. WATER PUMP INLET HOSE REPLACEMENT 


This task covers: 


a. Removal b. Installation 


INITIAL SETUP: 


Tools Equipment Condition 


General mechanic’ s tool kit: Cooling system drained (para. 3-61)]. 
automotive (Appendix B, Item 1) . 
Maintenance Level 


Manual References Unit 


TM. 9-2320-387-24P 


a. Removal 


1. Loosen two clamps (2) and remove water pump inlet hose (3) from water pump (1) and lower tube 
assembly (4). 


2. Remove two clamps (2) from hose (3). 


b. Installation 


1. Install two clamps (2) on water pump inlet hose (3). 


2. Install hose (3) on lower tube assembly (4) and water pump (1) and tighten two clamps (2) to 
90-125 Ib-in. (10-14 N-m). 


FOLLOW-ON TASK: Fill cooling system|(para. 3-61). 
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3-74. SURGE TANK-TO-LOWER RADIATOR TUBE HOSE REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic's tool kit: Cooling system drained|(para. 3-61). 


automotive (Appendix B, Item 1) 
Maintenance Level 


Manual References Unit 


TM_9-2320-387-24P 


a. Removal 


1. Loosen two clamps (2) and remove hose (3) from surge tank (1) and tube assembly (4). 
2. Remove two clamps (2) from hose (3). 


b. Installation 


1. Install two clamps (2) on hose (3). 
2. Install hose (3) on surge tank (1) and tube assembly (4) and tighten two clamps (2). 


FOLLOW-ON TASK: Fill cooling system|(para. 3-61). 
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3-75. SURGE TANK OVERFLOW HOSE REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: Hood raised and secured (ITM 9-2320-387-10). 


automotive (Appendix B, Item 1) ; 
Maintenance Level 
Manual References Unit 


TM 9-2320-387-10 
‘TM 9-2320-387-24P 


a. Removal 


1. Remove overflow hose (2) from surge tank filler neck (1). 
2. Loosen clamp (3) and remove hose (2) from body (4). 


b. Installation 


1. Connect overflow hose (2) to surge tank filler neck (1). 
2. Install hose (2) on body (4) and tighten clamp (3). 


FOLLOW-ON TASK: Lower and secure hocd (TM 9-2320-387-10). 
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3-76. THERMOSTAT REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: (TM 9-2320-387-24P 
automotive (Appendix B, Item 1) ; - 
Maintenance and repair shop equipment: Equipment Condition 
automotive (Appendix B, Item 2) Cooling system drained, as required[{(para. 3-6). 
Materials/Parts Maintenance Level 
Gasket (Appendix G, Item 60) Unit 


Sealing compound (Appendix C, Item 61) 


a. Removal 


1. Remove capscrew (5), stud (4), thermostat housing (3), thermostat (2), and gasket (6) from water 
crossover (1). Discard gasket (6). 


2. Clean gasket surface on water crossover (1) and thermostat housing (3). 


b. Installation 


1. Install thermostat (2) into water crossover (1), ensuring valve sensor (7) points toward crossover (1). 


2. Position gasket (6) on thermostat housing (3). Apply sealing compound to fastener threads and 
insert capscrew (5) and stud (4) to align gasket (6). 


3. Install thermostat housing (3) over thermostat (2) and on water crossover (1) with capscrew (5) and 
stud (4). Tighten capscrew (5) and stud (4) to 25 lb-ft (34 N-m). 


CUM rm 
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4% 
FOLLOW-ON TASK: Fill cooling system[(para. 3-61). 
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3-77. WATER PUMP PULLEY REPLACEMENT 


This task covers: 


a. Removal b. Installation 


INITIAL SETUP: 


Tools 


Manual References 


General mechanic's tool kit: TM 9-2320-387-24P 
automotive (Appendix B, Item 1) 


Equipment Condition 
Special Tools 


¢ Fan drive and fan blade removed (para. 3-80). 
H ex-head driver, 6 mm ¢ Serpentine drivebelt removed |(para. 3-81). 
(Appendix B, Item 146) 
Maintenance Level 
Materials/Parts Unit 


Sealing compound (Appendix C, Item 63) 


NOTE 
200-AMP dual voltage regulator shown. 


a. Removal 


Using hex-head driver, remove four socket-head screws (1) and water pump pulley (2) from water pump (3). 


b. Installation 


1. Install water pump pulley (2) on water pump (3). 


2. Apply sealing compound to four socket-head screws (1), and install screws (1) on water pump pulley (2) 


and water pump (3). Tighten screws (1) to 15-20 Ib-ft (20-27 N-m). 
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FOLLOW-ON TASKS: « Install fan drive and fan bladel(para. 3-80). 
¢ Install serpentine drivebelt |(para. 3-81). 
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3-78. WATER PUMP AND ADAPTER PLATE MAINTENANCE 


This task covers: 


a. Removal c. Installation 
b. Inspection 


INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: ° Engine oil filler tube removed 
automotive (Appendix B, Item 1) ¢ Water pump inlet hose removed |(para. 3-73). 
¢ Water pump pulley removed (para. 3-77). 
Materials/Parts « Thermostat bypass hose removed|(para. 3-68). 
Water pump gasket (Appendix G, Item 73) ¢ Fan drive hose disconnected[(para. 3-69). 
Pipe sealing compound (Appendix C, Item 62) ¢ Tensioner, idler pulleys, and mounting hardware 
Sealing compound (Appendix C, Item 63) removed (para. 3-82). 


Anaerobic gasket sealer (Appendix C, Item 58) ° Power steering pump removed |(para. 8-23). 


Manual References 


TM 9-2320-387-24F 


1. Remove bypass nipple (4) from water crossover (3). 


2. Remove studs (1), (13), (8), and (7), four capscrews (11), washers (12), two capscrews (9), cap- 
screw (10), water pump (6), and adapter plate (5) from timing gear cover (2). 

3. Remove seven capscrews (15), adapter plate (5), and gasket (14) from water pump (6). Discard 
gasket (14). 


4. Clean remaining gasket material and sealing compound from sealing surfaces on adapter plate (5), 
water pump (6), and timing gear cover (2). 


5. Remove heater hose nipple (17), elbow (16), and bypass hose adapter (19) from water pump (6). 


1. Inspect water pump (6) for cracks, breaks, or loose impeller. Replace if cracked, broken, or impeller 
is loose. 


2. Inspect adapter plate (5) for corrosion. If adapter plate (5) is excessively corroded, replace. 


3. Inspect elbow (16), heater hose nipple (17), and bypass hose adapter (19) for stripped threads and 
breaks. If damaged, replace. 


4. Inspect rivet (18) for damage or looseness. Replace if damaged or loose. Apply sealing compound to 
replacement rivet (18) prior to installation. 
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3-78. WATER PUMP AND ADAPTER PLATE MAINTENANCE (Cont'd) 
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3-78. WATER PUMP AND ADAPTER PLATE MAINTENANCE (Cont'd) 


CAUTION 


Ensure water pump P/N 23500085 is used on 6.5L engines or 
damage to equipment will result. 


1. Install-gasket (6) and adapter plate (7) on water pump (5) with seven capscrews (8). Tighten 
capscrews (8) to 13-20 lb-ft (18-27 N-m). 
NOTE 
Perform step 2 if a new water pump is being installed. 
2. Apply sealing compound to rivet (3) and install in water pump (5). 
3. Apply anaerboic gasket sealer to sealing surfaces on adapter plate (7) following diagram shown. 
4. Apply pipe sealing compound to capscrew (16). 


5. Install adapter plate (7) and water pump (5) on timing gear cover (10) with two long studs (19), 
stud (14), stud with thick hex (13), and capscrew (16). 


6. Install two capscrews (15), studs (9), four washers (18), and capscrews (17). Tighten studs (9) and 
capscrews (15) and (17) to 13-20 lb-ft (18-27 N-m). Tighten studs (19), (14), and (13) to 25-37 lb-ft 
(34-50 Nem). 


7. Apply pipe sealing compound to threads of elbow (1), heater hose nipple (2), and bypass hose 
adapter (4) and install in water pump (5). 


8. Coat threads of bypass nipple (12) with pipe sealing compound and install in water crossover (11). 
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3-78. WATER PUMP AND ADAPTER PLATE MAINTENANCE (Cont'd) 


Install power steering pump (para 8-23). 


FOLLOW-ON TASKS: 
Install tensioner, idler pulleys, and mounting hardware (para_3-82). 
Connect fan drive hose (para. 3-69). 
Install water pump pulley 
Install water pump inlet hose 
Install engine oil filler tube (para ; 

Install thermostat bypass hose[(para. 3-68). 


D. 
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3-79. WATER CROSSOVER MAINTENANCE 


This task covers: 


a. Removal c. Installation 
b. Inspection 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: ¢ Cooling system drained[(para. 3-61). 
automotive (Appendix B, Item 1) e Fan temperature switch removed|(para. 4-34). 
; e Glow plug controller removed (para. 4-33). 
Materials/Parts ¢ Thermostat removed|[(para. 3-76). 


Ty kets (A dix G, Item 68 
vo gaskets (Appendix em 68) Maintenance Level 


Manual References Unit 
TM 9-2320-387-24P 


a. Removal 


1. Loosen three clamps (2) and disconnect hoses (1) from water crossover (4). 


2. Remove four capscrews (6), water crossover (4), and two gaskets (7) from cylinder head (8). Discard 
gaskets (7). 


3. Clean gasket surface on water crossover (4) and cylinder head (8). 


Inspect thermostat bypass nipple (3), surge tank hose nipple (5), and water pump hose adapter (9) for 
cracks or breaks. Replace if defective. 


c. Installation 


1. Install two gaskets (7) and water crossover (4) on cylinder head (8) with four capscrews (6). Tighten 
capscrews (6) to 25-35 lb-ft (34-48 N-m). 


2. Connect three hoses (1) to water crossover (4) and tighten clamps (2). 
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3-79. WATER CROSSOVER MAINTENANCE (Cont’d) 


FOLLOW-ON TASKS: 


e Install thermostat|(para. 3-76).| 

* Install glow plug controller|(para. 4-33). 

¢ Install fan temperature switch (para. 4-34). 
e Fill cooling system 
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3-80. FAN DRIVE AND FAN BLADE MAINTENANCE 


This task covers: 


a. Removal c. Installation 
b. Inspection 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: (TM 9-2320-387-24P 


automotive (Appendix B, Item 1) ; - 
Equipment Condition 
Special Tools Radiator and shroud removed (optional) 
Hex-head driver, 8 mm (Appendix B, Item 145) ‘[(para. 3-62) 


Materials/Parts Maintenance Level 


Four lockwashers (Appendix G, Item 206) Unit 
Sealing compound (Appendix C, Item 62) 


a. Removal 


NOTE 
¢ Mark position of fan blade for installation. 


e It may be necessary to apply compressed air to clutch adapter to 
disengage fan drive clutch, allowing access to socket-head screws. 


1. Using hex-head driver, remove four socket-head screws (1) and fan drive assembly (3) from water 
pump pulley (2). 


2. Remove four nuts (5), lockwashers (6), and fan blade (7) from fan drive (8). Discard lockwashers (6). 


Inspect clutch adapter (4) and fan blade (7) for damaged threads, cracks, bent blades, or breaks. Replace 
if defective. 


1. Align fan blade (7) on fan drive (8) and install four lockwashers (6) and nuts (5). Tighten nuts to 
26 lb-ft (35 Nem). 


2. Apply sealing compound to four socket-head screws (1) and install fan drive assembly (3) on water 
pump pulley (2) with socket-head screws (1). Tighten socket-head screws (1) to 45 lb-ft (61 Nm). 
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3-80. FAN DRIVE AND FAN BLADE MAINTENANCE (Cont'd) 


FOLLOW-ON TASK: Install radiator and shroud (if removed)|(para. 3-62). 
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i 3-81. SERPENTINE DRIVEBELT MAINTENANCE 


This task covers: 


| a. Removal c. Alignment 
b. Installation 


INITIAL SETUP: 
Tools 


General mechanic’s tool kit: 
automotive (Appendix B, Item 1) 


Manual References 
T™ 9-2320-387-10 


Maintenance and repair shop equipment: Equipment Condition 
a automotive (Appendix B, Item 2) Hood raised and secureo. (TM 9-2320-387-10) . 


Pulley alignment tool (Apendix D, Fig. D-107) 


Maintenance Level 
Personnel Required 


Unit 
One mechanic 
One assistant 


NOTE 
200-AMP dual voltage regulator shown. 


a. Removal 


| 1. Position 3/8-in. breaker bar or, as appropriate, a 1/2-in. ratchet wrench on belt tensioner (7) and 
move tensioner (7) clockwise to loosen drivebelt (9). 


2. Remove drivebelt (9) from power steering pump pulley (3), alternator pulley (2), water pump pulley 
(4), crankshaft pulley (5), air conditioning compressor or idler pulley (8), two upper idler pulleys (1), 
and tensioner pulley (6). Release belt tensioner (7). 


CAUTION 
Serpentine drivebelt failure (abnormal wear or belt dislodgement) 


can be caused by misalignment of pulleys, improper installation or 
foreign objects introduced into belt path. 


NOTE 


Check pulley and pulley grooves for damage and debris prior to 
installing serpentine drivebelt. 


b. Installation 


a 1. Position 3/8-in. breaker bar, or as appropriate, a 1/2-in. ratchet wrench on belt tensioner (7) and 
move tensioner (7) clockwise to allow installation of drivebelt (9). 


2. Feed drivebelt (9) into grooves on crankshaft pulley (5), air conditioning compressor or idler pulley 
(8), two upper idler pulleys (1), alternator pulley (2), power steering pump pulley (3), water pump 
pulley (4), and tensioner pulley (6). Release belt tensioner (7). 
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3-81. SERPENTINE DRIVEBELT MAINTENANCE (Cont'd) 
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3-81. SERPENTINE DRIVEBELT MAINTENANCE (Cont'd) 


3-142.2 


CAUTION 


Serpentine belt failure (abnormal wear or belt dislodgement) can 
be caused by misalignment of pulleys, improper installation or 
foreign objects introduced into belt path. Damage to equipment 
may result. 

NOTE 


Ensure tab of pulley alignment tool seats flush against back side 

of crankshaft pulley. 
Position tab (1) of pulley alignment tool (5) behind crankshaft pulley (6) and straight edge 
portion (4) of pulley alignment tool (5) across power steering pump pulley (2) and alternator 
pulley (3). Tab (1) on pulley alignment tool (5) should seat flush against back side of crankshaft 
pulley (6). Straight edge portion (4) of pulley alignment tool (5) should seat flush against power 
steering pump pulley (2) and alternator pulley (3). If pulley alignment is not flush, rotate engine 
and recheck alignment in several locations. Proceed to step 3 if pulleys are out of alignment. 


Position straight edge portion (4) of pulley alignment tool (5) against idler pulleys (7) and check for 
bent mounting bracket (8). |f mounting bracket (8) is bent, refer tolpara. 3-82 for replacement. 


NOTE 


If any adjustments are made while performing steps 3 through 8, 
start engine and check for proper tracking of belt. 


Check all pulleys (2), (3), (6), (7), and (12) for mud or foreign objects lodged in grooves. 
NOTE 


Power steering pump pulley must be flush with end of power 
steering pump shaft. 


Check power steering pump pulley (2) for proper installation. Refer tg para. 8-23} 


Check power steering pump (11) and power steering/alternator mounting bracket (10) for proper 
installation and security of mounting hardware. Refer to[paras. 4-3]and 8-23. 


Check alternator pulley (3) for proper installation. Refer tq para. 4-2] 
Check alternator (9) for proper installation and security of mounting hardware. Refer td para. 4-5] 
Check idler pulleys (7) and mounting bracket (8) for proper installation and security of mounting 


hardware. Refer td para. 3-82 


Repeat steps 1 and 2 to verify alignment. 
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FOLLOW-ON TASK: Lower and secure hooc (TM 9-2320-387-10 
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3-82. TENSIONER, IDLER PULLEYS, AND MOUNTING HARDWARE REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic's tool kit: ¢ Fan drive and fan blade removed (para. 3-80). 
automotive (Appendix B, Item 1) ¢ Serpentine drivebelt removed] (para. 3-81). 
Materials/Parts Maintenance Level 
Two lockwashers (Appendix G, Item 239) Unit 


Three lockwashers (Appendix G, Item 240) 


Manual References 


TM _ 9-2320-387-24P 


a. Removal 


1. Remove capscrew (12) and tensioner (11) from mounting bracket (8). 
2. Remove two nuts (6), lockwashers (5), washers (4), capscrews (1), washers (2), Supports (3.1), idler 
pulleys (3), and dust covers (2.1) from mounting bracket (8). Discard lockwashers (5). 
NOTE 


¢ On M1114 vehicles equipped with A/C, the compressor pulley is 
in place of the lower idler pulley. 


¢ Perform step 3 for M1113 models only. 


3. Remove nut (20), lockwasher (19), washer (18), support (17), screw (13), washer (14), dust 
cover (15), and lower idler pulley (16) from mounting bracket (8). Discard lockwasher (19). 


4. Remove two capscrews (10) and lockwashers (9) from water pump (7). Discard lockwashers (7). 
5. Remove screw (7.1), collar washer (6.1), and mounting bracket (8) from engine (6.2). 


b. Installation 


1. Install mounting bracket (8) on engine (6.2) with collar washer (6.1) and screw (7.1). 
2. Install lockwashers (9) and two capscrews (10) on water pump (7). 


3. Install two idler pulleys (3) and dust covers (2.1) on mounting bracket (8) with two supports (3.1), 
washers (2), capscrews (1), washers (4), lockwashers (5), and nuts (6). 


NOTE 


¢ On M1114 vehicles equipped with A/C, the compressor pulley is 
in place of the lower idler pulley. 


¢ Perform step 4 for M1113 models only. 


4. Install idler pulley (16) and support (17) on mounting bracket (8) with dustcover (15), washer (14), 
screw (13), washer (18), lockwasher (19), and nut (20). 


5. Install tensioner (11) on mounting bracket (8) with capscrew (12). 
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3-82. TENSIONER, IDLER PULLEYS, AND MOUNTING HARDWARE 
REPLACEMENT (Cont'd) 


M1114 


FOLLOW-ON TASKS: « Install serpentine drivebelt|(para. 3-81). 
¢ Install fan drive and fan blade|(para. 3-80). 
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3-83. FAN DRIVE FRICTION LINING REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools General Safety Instructions 
General mechanic’s tool kit: Prior to loosening screws on fan drive retaining 
automotive (Appendix B, Item 1) plates, disconnect fan drive hose from fan drive. 
Manual References Maintenance Level 
(TM _9-2320-387-24F Unit 
Equipment Condition 
Disconnect battery ground cables|(para. 4-68). 
WARNING 


Prior to loosening screws on fan drive retaining plates, disconnect fan drive hose from 
fan drive. Failure to do so may result in injury to personnel or damage to equipment. 


NOTE 


It may be necessary to apply compressed air to clutch adapter to disengage fan drive 
clutch, allowing access to friction lining screws. 


1. Remove six screws (1) and three retaining plates (2) from fan drive (3). 
2. Remove two friction linings (4) from fan drive (3). 


b. Installation 


1. Install two friction linings (4) on fan drive (3). 
2. Install three retaining plates (2) on fan drive (3) with six screws (1). Tighten screws (1) to 22 lb-in. (2.5 Nem). 


FOLLOW-ON TASK: Connect battery ground cableg (para. 4-68). 
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CHAPTER 4 
ELECTRICAL SYSTEM (UNIT) MAINTENANCE 


Section 1. GENERATING AND PROTECTIVE CONTROL BOX (PCB) SYSTEM MAINTENANCE 


4-1. GENERATING AND PROTECTIVE CONTROL BOX (PCB) SYSTEM MAINTENANCE 
TASK SUMMARY 
nae PROCEDURES fos 
Alternator Pulley Replacement 
Alternator/Power Steering Mounting Bracket Replacement 
Protective Control Box (PCB) Replacement 
200-Ampere Dual Voltage Alternator Replacement 
200-Ampere Dual Voltage Alternator Cable Replacement 
200-Ampere Dual Voltage Umbilical Power Cable Replacement 
200-Ampere Dual Voltage Regulator Replacement 4-18 
4-8.1. 400-Ampere Dual Voltage Regulator Replacement 4-18.2 
400-Ampere Dual Voltage Alternator Cable Replacement 
4-8.3. 400-Ampere Dual Voltage Alternator Replacement 4-18.12 
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4-2. ALTERNATOR PULLEY REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: TM 9-2320-387-24P 
automotive (Appendix B, Item 1) 
Maintenance and repair shop equipment: Equipment Condition 
automotive (Appendix B, Item 2) Alternator removed (para. 4-5). 
Mechanical puller (Appendix B, Item 157) 
Vise inserts (Appendix B, Item 160) Maintenance Level 
Unit 
Materials/Parts 


Locknut (Appendix G, Item 110) 
Woodruff key (Appendix G, Item 470) 


a. Removal 


i ll le ae 


Clamp alternator pulley (2) in a soft-jawed vise. 

Remove locknut (5) and washer (4) from alternator shaft (3). Discard locknut (5). 
Remove pulley (2) from soft-jawed vise. 

Using a mechanical puller, remove pulley (2) from alternator (1). 

Remove woodruff key (6) from alternator shaft (3). Discard woodruff key (6). 


b. Installation 


4-2 


ao ur Ww 


CAUTION 


Serpentine belt failure (abnormal wear or belt dislodgement) can 
be caused by misalignment of pulleys, improper installation, or 
foreign objects introduced into belt path. Inspect water pump 
pulley for proper installation and ease of rotation. Any wobble or 
misalignment will cause belt failure. 


Position woodruff key (6) in alternator shaft (3) with flat side up. 


Align pulley keyway (7) with woodruff key (6) in alternator shaft (3) and tap pulley (2) onto 
Shaft (3). 


Install washer (4) and locknut (5) on shaft (3). Tighten locknut (5) finger-tight. 
Clamp pulley (2) in soft-jawed vise. 

Tighten locknut (5) to 115-125 |b-ft (156-169 N-m). 

Remove pulley (2) and alternator (1) from vise. 


Change 1 
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4-2. ALTERNATOR PULLEY REPLACEMENT (Cont'd) 


FOLLOW-ON TASK: Install alternator[(para. 4-5). 
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4-3. ALTERNATOR/POWER STEERING MOUNTING BRACKET REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: TM _ 9-2320-387-24P 
automotive (Appendix B, Item 1) a, 
Maintenance and repair shop equipment: Equipment Condition 
automotive (Appendix B, Item 2) ¢ Alternator removed |(para. 4-5). 
; * Tensioner, idler pulleys, and mounting 
MAtor are . hardware removed (para. 3-82). 
Sealing compound (Appendix C, Item 60) ¢ Power steering pump removed|(para. 8-23). 
Maintenance Level 
Unit 


a. Removal 


Remove two flanged-head capscrews (3), long flanged-head capscrew (2), and mounting bracket (1) 
from engine (4). 


b. Installation 


Apply sealing compund to capscrews (2) and (3), and install mounting bracket (1) on engine (4) with 
two flanged-head capscrews (3) and long flanged-head capscrew (2). Tighten capscrews (3) and (2) to 
48 |b-ft (65 N-m). 
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4-3. ALTERNATOR/POWER STEERING MOUNTING BRACKET REPLACEMENT (Cont'd) 


FOLLOW-ON TASKS: ¢ Install power steering pump 


e Install tensioner, idler ayy and mounting hardwarel(para_-3-82). 


e Install alternator 


4-5 
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4-4, PROTECTIVE CONTROL BOX (PCB) REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: 
automotive (Appendix B, Item 1) 
Maintenance and repair shop equipment: 
automotive (Appendix B, Item 2) Equipment Condition 
; ¢ Battery ground cables disconnected . 
Materials/Parts * Hood raised and SS Ta Sor 
Silicone compound (Appendix C, Item 74) 
Four nut and lockwasher assemblies Maintenance Level 
(Appendix G, Item 244) Unit 


Personnel Required 
One mechanic 


One assistant 
CAUTION 


The control box must be supported from inside the vehicle during 
removal and installation. Failure to do this may result in damage 
to Protective Control Box (PCB). 


a. Removal 


1. From inside the vehicle, disconnect body wiring harness cannon plug (4) from PCB (5). 
2. Working under hood, disconnect engine wiring harness cannon plug (6) from PCB connector (7). 


NOTE 


Perform step 3 for M1114 vehicles. Perform step 4 for M1113 
vehicles. 


3. Remove four screws (5.1) and PCB (5) from cowl (3). 


4. Remove four nut and lockwasher assemblies (1) and PCB (5) from cowl (3). Discard nut and lock- 
washer assemblies (1). 


b. Installation 


1. Position PCB (5) under instrument pane! (2) against cowl (3). 


NOTE 


Perform step 2 for M1114 vehicles. Perform step 2.1 for M1113 
vehicles. 


2. From under hood, install PCB (5) on cowl (3) with four screws (5.1). Tighten screws (5.1) to 
6 Ib-ft (8 N-m). 


2.1. From under hood, install PCB (5) on cowl (3) with four nut and lockwasher assemblies (1). Tighten 
nut and lockwashers assemblies (1) to 6 Ib-ft (8 N-m). 


3. Fill cannon plug (6) and PCB connector (7) to capacity with silicone compound. 
Connect engine wiring harness cannon plug (6) to PCB connector (7). 
5. From inside vehicle, connect body wiring harness cannon plug (4) to PCB (5). 


4-6 Change 1 
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4-4, PROTECTIVE CONTROL BOX (PCB) REPLACEMENT (Cont'd) 


FOLLOW-ON TASKS: ¢ Connect battery ground cables (para. 4-68). 
¢ Lower and secure hood (TM 9-2320-387-10 


Change 1 4-7 


TM 9-2320-387-24-1 


; 4-5. 200-AMPERE DUAL VOLTAGE ALTERNATOR REPLACEMENT 


This task covers: 


a. Removal 
INITIAL SETUP: 


Tools 


General mechanic's tool kit: 
automotive (Appendix B, Item 1) 


Maintenance and repair shop equipment: 


automotive (Appendix B, Item 2) 


Materials/Parts 
Lockwasher (Appendix G, Item 234) 
Two lockwashers (Appendix G, Item 235) 
Lockwasher (Appendix G, Item 233) 
ai Grease (Appendix C, Item 36) 


Personnel Required 


One mechanic 
One assistant 


b. Installation 


Manual References 


TM 9-2320-387-24P 


Equipment Condition 
Voltage regulator removed|(para. 4-8). 


General Safety Instructions 


Alternator must be supported during removal and 
installation. 


Maintenance Level 
Unit 


NOTE 


Prior to removal, tag leads for installation. 


a. Removal 


1. Removenut (14), lockwasher (13), washer (12), and ground strap (11) from ground stud (10). Discard 


lockwasher (13). 


2. Slide back rubber boot (15) and remove nut (1), lockwasher (2), washer (3), and alternator positive 
cable lead 6 (4) from positive stud (7). Discard lockwasher (2). 


3. Position 3/8-in. breaker bar or, as appropriate, a 1/2-in. ratchet wrench on belt tensioner (16), move 
tensioner (16) clockwise, and remove drivebelt (8) from alternator pulley (9). 


WARNING 
Alternator must be supported during removal. Failure to support 
alternator may cause injury to personne! or damage to equipment. 


4. Remove nut (29), lockwasher (28), washer (27), two screws (19), washers (17), lockwasher (18), and 
alternator (25) from support bracket (23) and mounting bracket (26). Discard lockwashers (28) and (18). 


5. Remove three capscrews (20), washers (21), bushings (24), and fan guard assembly (22) from 


alternator (25). 


6. Remove alternator pulley (9)[(para. 4-2). 
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4-5. 200-AMPERE DUAL VOLTAGE ALTERNATOR REPLACEMENT (Cont'd) 
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TM 9-2320-387-24-1 


[ 4-5. 200-AMPERE DUAL VOLTAGE ALTERNATOR REPLACEMENT (Cont'd) 


Install alternator pulley (22)[(para. 4-2). 


Install fan guard assembly (6) on alternator (9) with three bushings (8), washers (5), and 
capscrews (4). 


WARNING 
| Alternator must be supported during installation. Failure to 
support alternator may cause injury to personnel or damage to 
equipment. 
| 3. Position alternator (9) on mounting bracket (10). 
NOTE 


Ensure terminals are clean before connections are made. 


4. Install support bracket (7) on alternator (9) and alternator mounting bracket (10) with 
lockwasher (2), two washers (1), capscrews (3), washer (11), lockwasher (12), and nut (13). 


5. Install positive cable lead 6 (17) on positive stud (20) with washer (16), lockwasher (15), and nut 
(14). Tighten nut (14) to 10-15 |b-ft (14-20 N-m). 


6. Apply grease to positive stud (20), positive cable lead 6 (17), and inside of rubber boot (28), slide 
rubber boot (28) over stud (20). 


7. Install ground strap (24) on ground stud (23) with washer (25), lockwasher (26), and nut (27). 
Tighten nut (27) to 8-12 Ib-ft (11-16 N-m). 


8. Position 3/8-in. breaker bar or, aS appropriate, a 1/2-in. ratchet wrench on belt tensioner (29), move 
tensioner (29) clockwise, and install drivebelt (21) on alternator pulley (22). 
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4-5. 200-AMPERE DUAL VOLTAGE ALTERNATOR REPLACEMENT (Cont'd) j 


205 
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FOLLOW-ON TASK: Install voltage regulator[(para. 4-8). 
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; 4-6. 200-AMPERE DUAL VOLTAGE ALTERNATOR CABLE REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: TM 9-2320-387-10 
automotive (Appendix B, Item 1) TM _ 9-2320-387-24P 
Maintenance and repair shop equipment: ; -_ 
automotive (Appendix B, Item 2) Equipment Condition 
: * Hood raised and secured (TM _9-2320-387-10 
Materials/Parts ¢ Battery ground cables disconnected[(para. 4-68). 
Four lockwashers (Appendix G, Item 205) ¢ Engine access cover removed (para. 10-22). 
Four tiedown straps (Appendix G, I tem 464) ; 
Lockwasher (Appendix G, Item 233) Maintenance Level 
Unit 
NOTE 


Prior to removal, tag leads for installation. 


a. Removal 


1. Slide back rubber boot (5) and remove nut (8), lockwasher (7), washer (6), cable (4), nut (3), and 
washer (2) from positive stud (1). Discard lockwasher (7). 


2. Remove capscrew (9) and clamp (10) from water crossover bracket (11) and separate cable (4) from 
cables and clamp (10). 


3. Remove nut (14), lockwasher (13), and clamp (15) from stud (12) and separate cable (4) from cables 
and clamp (15). Discard lockwasher (13). 


4. Remove four tiedown straps (16). Discard tiedown straps (16). 


5. Removenut (22), lockwasher (21), screw (17), lockwasher (18), and damp (19) from bracket (20) and 
remove cable (4) from damp (19). Discard lockwashers (21) and (18). 


6. Remove nut (27), lockwasher (26), washer (25), and cable (4) from buss bar (24) on battery box (23). 
Discard lockwasher (26). 


7. Remove cable (4) from grommet (28) and vehicle. 


b. Installation 


NOTE 
Ensure terminals are clean before connections are made. 


l. Install cable (4) through grommet (28) in battery box (23). 
1.1 Install cable (4) on buss bar (24) with washer (25), lockwasher (26), and nut (27). 


2. Route cable (4) through clamp (19) and install clamp (19) to bracket (20) with lockwasher (18), 
screw (17), lockwasher (21), and nut (22). 


3. Route cable (4) through clamp (15) and install clamp (15) on stud (12) with lockwasher (13) and 
nut (14). 


4. Route cable (4) through clamp (10) and install clamp (10) on water crossover bracket (11) with 
capscrew (9). 


5. Install washer (2), nut (3), and cable (4) on positive stud (1) with washer (6), lockwasher (7), and nut (8). 
Tighten nut (8) to 10-15 Ib-ft (14-20 N-m) and slide rubber boot (5) over nut (8). 


6. Install four tiedown straps (16) on cable (4). 
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4-6. 200-AMPERE DUAL VOLTAGE ALTERNATOR CABLE REPLACEMENT (Cont'd) ; 
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FOLLOW-ON TASKS: ¢ Connect battery ground cables (para. 4-68). 
¢ Install engine access cover (para. 10-22). 
¢ Lower and secure hood|(TM 9-2320-387-10)| 
¢ Start engine (TM 9-2320-387-10) land check operation of voltmeter gauge. 
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; 4-7. 200-AMPERE DUAL VOLTAGE UMBILICAL POWER CABLE REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Applicable Models Manual References 
M1113 TM _9-2320-387-24P 
Tools Equipment Condition 
General mechanic's tool kit: ¢ Batteries removed|(para. 4-74). 
automotive (Appendix B, Item 1) e Fixed rear door removed (para. 10-20). 
Materials/Parts Maintenance Level 
Four lockwashers (Appendix G, Item 215) Unit 


Sealing compound (Appendix C, Item 64) 


Personnel Required 


One mechanic 
One assistant 


NOTE 
Prior to removal, tag leads for installation. 


a. Removal 


1. Remove nut (5), lockwasher (4), washer (3), and positive power cable (2) from buss bar (1). 
Discard lockwasher (4). 


2. Remove capscrew (6), lockwasher (7), negative power cable (8), and two cables (9) from shunt (10). 
Discard lockwasher (7). 


3. Remove five capscrews (20), two lockwashers (19), washers (18), and coverplate (17) from B-beam (12). 
Discard lockwashers (19). 


4. Removetwo nuts (15), washers (14), capscrews (25), washers (26), and mounting bracket (27) from 
cover plate (17). 


Remove nut (28), screw (23), and cover (22) with cover chain (21) from mounting bracket (27). 
Remove cover (22) with cover chain (21) from umbilical power cable assembly (29). 
Remove four nuts (30), screws (24), and mounting bracket (27) from umbilical power cable assembly (29). 


Pull umbilical power cable assembly (29) through grommet (11) and coverplate (17), and remove 
from vehicle (16). 


9. Remove grommet (11) from battery box (13). 


oN Ou 
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4-7. 200-AMPERE DUAL VOLTAGE UMBILICAL POWER CABLE REPLACEMENT (Cont'd) ; 


Change 1 4-15 
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j 4-7. 200-AMPERE DUAL VOLTAGE UMBILICAL POWER CABLE REPLACEMENT (Cont'd) 


1. Install grommet (5) on battery box (7). 


2. Route umbilical power cable assembly (14) through coverplate (11) and grommet (5), and position 
in approximate mounting location on vehicle (10). 


3. Install cover chain (17) on mounting bracket (16) with screw (19) and nut (15). 


4. Install umbilical power cable assembly (14) on mounting bracket (16) with four screws (20) and 
nuts (4). 


5. Install cover (18) on umbilical power cable assembly (14). 
6. Install coverplate (11) on B-beam (6) with two washers (12), lockwashers (13), and five capscrews (3). 


7. Install mounting bracket (16) on coverplate (11) with two washers (2), capscrews (1), washers (8), 
and nuts (9). 


8. Install two cables (24) and negative power cable (23) on shunt (25) with lockwasher (22) and 
capscrew (21). 


9. Install positive power cable (27) on buss bar (26) with washer (28), lockwasher (29), and nut (30). 
10. Apply silicone compound to cable (27), coating all exposed metallic surfaces. 
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4-7. 200-AMPERE DUAL VOLTAGE UMBILICAL POWER CABLE REPLACEMENT (Cont'd) ; 


FOLLOW-ON TASKS: ¢ Install fixed rear door (para. 10-20). 
¢ Install batteries (para. 4-74). 
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[ 4-8. 200-AMPERE DUAL VOLTAGE REGULATOR REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: TM 9-2320-387-10 
automotive (Appendix B, Item 1) TM 9-2320-387-24P 
Maintenance and repair shop equipment: a" 
automotive (Appendix B, Item 2) Equipment Condition 
¢ Battery ground cables disconnected 
Materials/Parts * Hood raised and secured|(TM_9-2320-387-10 
a Three lockwashers (Appendix G, Item 231) 
Lockwasher (Appendix G, Item 232) Maintenance Level 
Grease (Appendix C, Item 25) Unit 
NOTE 


Prior to removal, tag leads for installation. 


a. Removal 


1. Disconnect regulator plug (13) from voltage regulator (11). 
2. Slide back rubber boot (3) and remove nut (2), lead 5A (1) and washer (22.1) from IGN terminal (22). 


3. Slide back rubber boot (4) and remove nut (5), lead 2A (6) and washer (6.1) from yellow (AC) 
terminal (7). 


4. Remove nut (20) and ground wire (12) from 14-volt stud (21). 


5. Remove screw (8), lockwasher (9), washer (10), and ground wire (12) from voltage regulator (11). 
Discard lockwasher (9). 


6. Disconnect alternator connector (15) from connector (16) on voltage regulator (11). 


7. Remove three screws (19), lockwashers (18), washers (17), and voltage regulator (11) from 
alternator (14). Discard lockwashers (18). 


b. Installation 


1. Install voltage regulator (11) on alternator (14) with three washers (17), lockwashers (18), and 
screws (19). Tighten screws (19) to 30-34 Ib-in. (3-4 N-m). 


2. Connect alternator connector (15) to connector (16) on voltage regulator (11). 


3. Install washer (22.1), lead 5A (1) and nut (2) on IGN terminal (22). Tighten nut (2) to 23-27 I|b-in. 
(2.6-3.0 N-m). 


4. Apply grease to!IGN terminal (22), lead 5A (1), and inside of boot (3), and slide boot (3) over IGN 
terminal (22). 


5. Install washer (6.1), lead 2A (6) and nut (5) on yellow (AC) terminal (7). Tighten nut (5) to 
18-22 |b-in. (2.0-2.5 N-m). 


6. Apply grease to yellow (AC) terminal (7), lead 2A (6), and inside of boot (4), and slide boot (4) over 
yellow (AC) terminal (7). 


7. Connect regulator plug (13) to voltage regulator (11). 


8. Install one end of ground wire (12) on 14-volt stud (21) on voltage regulator (11) with nut (20). 
Tighten nut (20) to 45-55 Ib-in. (5-6 N-m). 


9. Install other end of ground wire (12) on voltage regulator (11) with washer (10), lockwasher (9), and 
screw (8). Tighten screw (8) to 88-94 Ib-in. (10-11 N-m). 
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4-8. 200-AMPERE DUAL VOLTAGE REGULATOR REPLACEMENT (Cont'd) 
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FOLLOW-ON TASKS: ¢ Connect battery ground cableg (para. 4-68). 


¢ Lower and secure hood!(TM 9-2320-387-10 
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4-8.1. 400-AMPERE DUAL VOLTAGE REGULATOR REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: TM 9-2320-387-10 
automotive (Appendix B, Item 1) TM 9-2320-387-24P 
Maintenance and repair shop equipment: - 
automotive (Appendix B, Item 2) Equipment Condition 
* Battery ground cables disconnected 
Materials/Parts * Hood raised and secured|(TM 9-2320-387-10 


Two lockwashers (Appendix G, Item 231) 
Lockwasher (Appendix G, Item 232) 
Grease (Appendix C, Item 36) 


a. Removal 


NOTE 
Prior to removal, tag leads for installation. 
l. Disconnect regulator plugs (12) and (13) from connectors (9) and (10) on voltage regulator (11). 


2. Slide back rubber boot (5) and remove nut (4), lead 5A (6), and washer (7) from red terminal (8) on 
voltage regulator (11). 


3. Slide back rubber boot (2) and remove nut (1), lead 2A (3), and washer (24) from yellow 
terminal (25) on voltage regulator (11). 


4. Slide back rubber boot (20) and remove nut (19), lead 68A (18), and washer (17) from 14 volt output 
terminal (15) on voltage regulator (11). 


5. Remove three screws (23), lockwashers (22), washers (21), voltage regulator (11), and three 
Spacers (16) from alternator (14). Discard lockwashers (22). 


b. Installation 


l. Install three spacers (16) and voltage regulator (11) on alternator (14) with three washers (21), 
lockwashers (22), and screws (23). Tighten screws (23) to 30-34 Ib-in. (3-4 N-m). 


2. Install washer (7), lead 5A (6), and nut (4) on red terminal (8) of voltage regulator (11). Tighten 
nut (4) to 35 Ib-in. (4 N-m). 


3. Apply grease to red terminal (8), lead 5A (6), and inside of rubber boot (5), and slide boot (5) over 
red terminal (8). 


4. Install washer (24), lead 2A (3), and nut (1) on yellow terminal (25) of voltage regulator (11). 
Tighten nut (1) to 20 Ib-in. (2 N-m). 


5. Apply grease to yellow terminal (25), lead 2A (3), and inside of rubber boot (2), and slide boot (2) 
over yellow terminal (25). 


6. Install washer (17), lead 68A (18), and nut (19) on 14 volt output terminal (15) of voltage regulator 
(11). Tighten nut (19) to 50 Ib-in. (6 N-m). 


7. Apply grease to 14 volt output terminal (15), lead 68A (18), and inside of rubber boot (20), and slide 
boot (20) over 14 volt output terminal (15). 


8. Connect regulator plugs (12) and (13) to connectors (9) and (10) on voltage regulator (11). 
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4-8.1. 400-AMPERE DUAL VOLTAGE REGULATOR REPLACEMENT (Cont'd) 


FOLLOW-ON TASKS: « Connect battery ground cables (para. 4-68). 
¢ Lower and secure hood (TM 9-2320-387-10 
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4-8.2. 400-AMPERE DUAL VOLTAGE ALTERNATOR CABLE REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: 
automotive (Appendix B, Item 1) 
Maintenance and repair shop equipment: 
automotive (Appendix B, Item 2) Equipment Condition 
* Hood raised and secured (TM _9-2320-387-10). 
Materials/Parts ¢ Battery ground cables oO a2 3ete 
Locknut (Appendix G, Item 152.2) ¢ Engine access cover removed (para. 10-22). 


Eight lockwashers (Appendix G, Item 238) 
Three tiedown straps 
(Appendix G, Item 465.1) 


a. Removal 


NOTE 
Prior to removal, tag leads for installation. 


1. Remove locknut (7), washer (6), screw (3), clamp (4), and cables (2) and (11) from bracket (5). 
Discard locknut (7). 


2. Remove screw (8), clamp (9), and cables (2) and (11) from bracket (10). 
3. Remove three tiedown straps (1) from cables (2) and (11). Discard tiedown straps (1). 


4. Remove nut (12), lockwasher (13), washer (14), and cable (11) from stud (22) on battery box side 
panel (15). Discard lockwasher (13). 


5. Remove nut (19), lockwasher (20), washer (18), and cable (2) from stud (17) on buss bar (16). 
Discard lockwasher (20). 


6. Remove grommet (21) from battery box side panel (15) and remove cable (2) through battery box 
side panel (15). 
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4-8.2. 400-AMPERE DUAL VOLTAGE ALTERNATOR CABLE REPLACEMENT (Cont'd) 
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4-8.2. 400-AMPERE DUAL VOLTAGE ALTERNATOR CABLE REPLACEMENT (Cont'd) 


7. Remove nut (6), screw (1), and cable (2) with clamp (7) from oil pan bracket (8). 


8. Remove nut (3), lockwasher (4), and cable (2) from positive starter terminal (5). Discard 
lockwasher (4). 


9. Remove nut (11), lockwasher (12), washer (13), cable (2), and clamp (9) from stud (10) on 
thermostat housing (14). Discard lockwasher (12). 


10. Remove nut (15), washer (16), cable (2), and clamp (18) from stud (17). 
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4-18.6 Change 1 


TM 9-2320-387-24- 1 


4-8.2. 400-AMPERE DUAL VOLTAGE ALTERNATOR CABLE REPLACEMENT (Cont'd) 


ll. Remove screw (23), lockwasher (22), washer (21), ground strap (24), lead (20), and cable (25) from 
alternator (19). Discard lockwasher (22). 

12. Remove screw (26), lockwasher (27), washer (28), and cables (25) and (29) from alternator (19). 
Discard lockwasher (27). 

13. Slide back rubber boot (35) and remove screw (31), lockwasher (32), washer (33), and cables (34) 
and (36) from alternator (19). Discard lockwasher (32). 

14. Slide back rubber boot (40) and remove screw (30), lockwasher (39), washer (38), and cables (37) 
and (36) from alternator (19). Discard lockwasher (39). 
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4-8.2. 400-AMPERE DUAL VOLTAGE ALTERNATOR CABLE REPLACEMENT (Cont'd) 


1. Install cables (2) and (3) on rear positive terminal (14) of alternator (1) with washer (4), 
lockwasher (5), and screw (6), and slide rubber boot (7) over cables (2) and (4). 

2. Install cables (2) and (9) on front positive terminal (8) of alternator (1) with washer (10), 
lockwasher (12), and screw (11), and slide rubber boot (13) over cables (2) and (9). 

3. Install cable (21), lead (16), and ground strap (17) on front negative terminal (15) of alternator (1) 
with washer (18), lockwasher (20), and screw (19). 


4. Install cables (25) and (21) on rear negative terminal (26) of alternator (1) with washer (24), 
lockwasher (23), and screw (22). 
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4-8.2. 400-AMPERE DUAL VOLTAGE ALTERNATOR CABLE REPLACEMENT (Cont'd) 


5. Install cable (9) and clamp (36) on stud (35) with washer (34) and nut (33). 


6. Install cable (9) and clamp (27) on stud (28) of thermostat housing (32) with washer (29), 
lockwasher (31), and nut (30). 


) 
7. Install cable (9) 
) 


on positive terminal (41) of starter (44) with lockwasher (39) and nut (40). 
8. 


Install cable (9) and clamp (37) on oil pan bracket (38) with screw (43) and nut (42). 


WES 
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4-8.2. 400-AMPERE DUAL VOLTAGE ALTERNATOR CABLE REPLACEMENT (Cont'd) 


9. Install grommet (12) on battery box side panel (5) and route cable (8) through grommet (12) and 
battery box side panel (5). 


10. Install cable (8) on stud (7) of buss bar (6) with washer (9), lockwasher (10), and nut (11). 


) 
11. Install cable (4) on stud (13) of battery box side panel (5) with washer (3), lockwasher (2), and 
nut (1). 


12. Install cables (4) and (8) on bracket (22) with clamp (21) and screw (20). 
13. Install cables (4) and (8) on bracket (17) with clamp (16), screw (15), washer (18), and locknut (19). 
14. Install three tiedown straps (14) on cables (4) and (8). 
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4-8.2. 400-AMPERE DUAL VOLTAGE ALTERNATOR CABLE REPLACEMENT (Cont'd) 


FOLLOW-ON TASKS: © Install engine access cover (para. 10-22). 
* Connect battery ground cables|(para. 4-68). 
¢ Lower and secure hood) (TM 9-2320-387-10 
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4-8.3. 400-AMPERE DUAL VOLTAGE ALTERNATOR REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: TM 9-2320-387-10 
automotive (Appendix B, Item 1) TM 9-2320-387-24P 
Maintenance and repair shop equipment: 7 
automotive (Appendix B, Item 2) Equipment Condition 
. ¢ Hood raised and secured|(TM 9-2320-387-10 
Materials/Parts * Battery ground cables disconnected|(para. 4-68). 
Five lockwashers (Appendix G, Item 190) ¢ Alternator cables removed ; 
Personnel Required General Safety Instructions 
One mechanic Alternator must be supported during removal and 
One assistant installation. 
NOTE 


Prior to removal, tag leads for installation. 
1. Position 3/8-in. breaker bar or, as appropriate, a 1/2-in. ratchet wrench on belt tensioner (4), move 
tensioner (4) clockwise, and remove drivebelt (1) from power steering pump pulley (3) and alternator 
pulley (2). 


2. Remove nut (5), lockwasher (6), washer (7), ground strap (8), and washer (10) from stud (9). Discard 
lockwasher (6). 


WARNING 
Alternator must be support during removal and installation. Failure to 
do so may cause injury to personnel or damage to equipment. 


3. Remove nut (19), lockwasher (20), washer (21), screw (12), lockwasher (13), and washer (14) from 
alternator bracket (15) and alternator mounting bracket (11). Discard lockwashers (13) and (20). 


4. Remove screw (18), lockwasher (17), washer (16), and bracket (15) from alternator (22). Discard 
lockwasher (17). 


5. Remove nut (28), lockwasher (27), washer (26), screw (23), washer (24), and alternator (22) from 
alternator support bracket (25) and alternator mounting bracket (11). Discard lockwasher (27). 


6. Remove alternator pulley (2)[(para. 4-2). 


b. Installation 


1. Install alternator pulley (2)[(para. 4-3). 
Position alternator (22) on alternator mounting bracket (11). 


3. Install alternator (22) on alternator mounting bracket (11) and alternator support bracket (25) with 
washer (24), screw (23), washer (26), lockwasher (27), and nut (28). Do not tighten nut (28). 


4. Install alternator bracket (15) on alternator (22) with washer (16), lockwasher (17), and screw (18). 
Do not tighten screw (18). 


5. Install washer (14), lockwasher (13), screw (12), washer (21), lockwasher (20), and nut (19) on 
alternator mounting bracket (11) and alternator bracket (15). 


6. Tighten screw (18) to 40 Ib-ft (54 N-m). 
7. Tighten nut (28) to 155 Ib-ft (210 N-m). 


N 
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4-8.3. 400-AMPERE DUAL VOLTAGE ALTERNATOR REPLACEMENT (Cont'd) 


8. Install ground strap (8) on stud (9) with washers (10) and (7), lockwasher (6), and nut (5). 

9. Position 3/8-in. breaker bar or, as appropriate, a 1/2-in. ratchet wrench on belt tensioner (4) and 
move tensioner (4) clockwise and install drivebelt (1) on power steering pump pulley (3) and 
alternator pulley (2). 


FOLLOW-ON TASKS: «Install alternator cabl ; 
e Connect battery ground cables (para. 4-68). 
e Lower and secure hood (TM 9-2320-387-10 
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Section Il. STARTER AND STARTING CONTROL SYSTEM MAINTENANCE 


4-9. STARTER AND STARTING CONTROL SYSTEM MAINTENANCE TASK SUMMARY 


ee PROCEDURES Cr 
PARA. NO. 
Rotary Switch Replacement 4-20 
Starter Replacement py) 
Circuit Breaker Replacement 4-26 


4-10. ROTARY SWITCH REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: TM 9-2320-387-10 
automotive (Appendix B, Item 1) TM 9-2320-387-24P 
Materials/Parts Equipment Condition 
Lockwasher (Appendix G, Item 208) Battery ground cables disconnected|(para. 4-68). 


Lockwasher (Appendix G, Item 207) . 
Maintenance Level 


Unit 


NOTE 
Prior to removal, tag leads and note position of lever for installation. 


a. Removal 


Remove screw (8), lockwasher (7), and switch lever (6) from switch shaft (9). Discard lockwasher (7). 
Remove nut (5) and lockwasher (4) from switch (2) and instrument panel (3). Discard lockwasher (4). 
Push switch (2) out of hole in panel (3). 

Disconnect three electrical leads 11A (1), 14A (10), and 29A (11) from switch (2). 


. Installation 


Connect three electrical leads 11A (1), 14A (10), and 29A (11) to switch (2). 
Install switch (2) into hole in instrument panel (3). 

Install lockwasher (4) and nut (5) on switch (2). 

Place switch lever (6) on switch shaft (9) toENGINE STOP position. 
Secure lever (6) on switch shaft (9) with lockwasher (7) and screw (8). 


aw ee 
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4-10. ROTARY SWITCH REPLACEMENT (Cont'd) 


FOLLOW-ON TASKS: ¢ Connect battery ground cable 
e Check rotary switch operatio (TM 9-2320-387-10). 
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4-11. STARTER REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Personnel Required 
General mechanic's tool kit: One mechanic 
automotive (Appendix B, Item 1) One assistant 
Maintenance and repair shop equipment: 
automotive (Appendix B, Item 2) Manual References 
; TM _ 9-2320-387-10 
Special Tools TM_9-2320-387-24P 


Crowfoot, 9/16-in. (Appendix B, Item 139) . 
Torque adapter, 3/4-in. (Appendix B, Item 134) Equipment Condition 


Socket adapter, 3/8- to 1/2-in. drive * Battery ground cables disconnected|(para. 4-68). 
(Appendix B, Item 135) e Sealed upper converter housing cover removed 
| (bara. 5-12) 
Materials/Parts 
Lockwasher (Appendix G, Item 205) General Safety Instructions 
Lockwasher (Appendix G, Item 209) Starter must be supported during removal 
Nut and lockwasher assembly and installation. 
(Appendix G, Item 244) 
Adhesive sealant (Appendix C, Item 12) Maintenance Level 
Sealing compound (Appendix C, Item 62) Unit 
WARNING 


Starter must be supported during removal and installation. Failure to 
Support starter may cause injury to personne! or damage to equipment. 


NOTE 
e Illustration shown is a cutaway of the right side of vehicle. 
¢ Prior to removal, tag leads for installation. 


a. Removal 


1. Remove nut and lockwasher assembly (30), capscrew (28), and clamp (29) from oil pan bracket (27). 
Discard nut and lockwasher assembly (30). 


2. Remove adhesive sealant from positive terminal (8) on starter (1). 


NOTE 


Perform steps 3 and 4 for M1113 models only. Perform steps 5 and 
6 for M1114 models only. 


3. Remove nut (14), lockwasher (13), lead 6V (12), lead 81B (15), and lead 6A (20) from positive 
terminal (8). Discard lockwasher (13). 


4. Remove nut (16), lockwasher (17), lead 7V (18), lead 3D (19), and negative cable 7A (21) from 
starter negative terminal (22). Discard lockwasher (17). 


5. Remove nut (16), lockwasher (17), lead 3D (19), and negative cable 7A (21) from starter negative 
terminal (22). Discard lockwasher (17). 


6. Remove nut (14), lockwasher (13), lead 81B (15), and lead 6A (20) from positive terminal (8). 
Discard lockwasher (13). 


7. Remove screw (11), clip (10), lead 74B (9), and lead 74A (7) from solenoid (2). 
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4-11. STARTER REPLACEMENT (Cont'd) 


8. Remove screw (25), clamp (23), and lead 6A (20) from starter (1). 
9. Loosen nut (5) on stud (6) connecting starter (1) to bracket (4). 
10. While supporting starter (1) from under vehicle, remove two capscrews (24) from starter (1) and engine (3). 


NOTE 
Note size of shim for installation. 


11. Remove starter (1) and shim (26) from engine (3). 
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4-11. STARTER REPLACEMENT (Cont'd) 


1. 


12. 


13. 


4-24 


Install a .08-in. (2-mm) shim (26) on starter (1). 
Position shim (26) and starter (1) on engine (3). 
Slide front stud (6) on starter (1) in bracket (4). 


NOTE 


Some capscrews have sealing compound pre-applied. Additional 
sealing compound is not required. 


Apply sealing compound to two capscrews (24). Install capscrews (24) on starter (1) and engine (3). 
Tighten capscrews (24) to 30-40 Ib-ft (41-54 N-m). 


Install starter (1) on bracket (4) with nut (5). Using crowfoot, tighten nut (5) to 15-19 Ib-ft 
(20-26 N-m). 


Install clamp (23) and positive cable 6A (20) on starter (1) with screw (25). 


Connect lead 74B (7) and lead 74A (9) on solenoid (2) with clip (10) and screw (11). Tighten 
screw (11) to 20 Ib-in. (2 N-m). 


NOTE 


Perform steps 8 and 9 for M1113 models only. Perform steps 10 
and 11 for M1114 models only. 


Connect lead 6A (20), lead 81B (15), and lead 6V (12) on positive terminal (8) with lockwasher (13) 
and nut (14). 


Connect negative cable 7A (21), lead 3D (19), and lead 7V (18) on negative terminal (22) with 
lockwasher (17) and nut (16). Using torque adapter, tighten nut (16) to 15-20 Ib-ft (20-27 N-m). 


Connect lead 6A (20) and lead 81B (15) on positive terminal (8) with lockwasher (13) and nut (14). 


Connect lead 7A (21) and lead 3D (19) on negative terminal (22) with lockwasher (17) and nut (16). 
Using torque adapter, tighten nut (16) to 15-20 ft-lb (20-27 N-m). 


Seal positive terminal (8) with adhesive sealant. Apply sealant at least 1/8 in. (3 mm) thick, covering 
all exposed metal attached to positive terminal (8). 


Install clamp (29) on oil pan bracket (27) with capscrew (28) and nut and lockwasher assembly (30). 
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4-11. STARTER REPLACEMENT (Cont'd) 


FOLLOW-ON TASKS: « Install sealed upper converter housing cover (para. 5-12). | 


¢ Connect battery ground cables 
e Start engine((TM 9-2320-387-10) and check for smooth starter engagement. 
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4-12. CIRCUIT BREAKER REPLACEMENT 


This task covers: 


a. Removal 


b. Installation 
INITIAL SETUP: 


Tools 


General mechanic’s tool kit: 
automotive (Appendix B, Item 1) 


Maintenance and repair shop equipment: 
automotive (Appendix B, Item 2) 


Manual References 
TM 9-2320-387-1C 
TM 9-2320-387-24F 


Equipment Condition 
Battery ground cables disconnected|(para. 4-68). 
Materials/Parts 
Two lockwashers (Appendix G, Item 208) Maintenance Level 
Unit 


NOTE 
¢ Replacement procedures for all circuit breakers are basically the 
same. This procedure covers the instrument gauge circuit breaker. 
e Prior to removal, tag leads for installation. 
a. Removal 


1. Loosen nut (1) and lower steering column (2). 


2. Disconnect leads 29B (8) and 29D (9) from circuit breaker (6). 
3. 


Remove two nuts (4), lockwashers (5), screws (7), and circuit breaker (6) from column bracket (3). 
Discard lockwashers (5). 


b. Installation 


1. 


Install circuit breaker (6) on column bracket (3) with two screws (7), lockwashers (5), and nuts (4). 


2. Connect leads 29B (8) and 29D (9) to circuit breaker (6). 
3. 


Raise steering column (2) and tighten nut (1) to 31 Ib-ft (42 N-m). 


TM 9-2320-387-24-1 


4-12. CIRCUIT BREAKER REPLACEMENT (Cont'd) 


FOLLOW-ON TASKS: ¢ Connect battery ground cablesl(para_4-68} 
* Check operation of circuit breaker (TM 9-2320-387-10), 
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Section Ill. INSTRUMENTS, SENDING UNITS, SWITCHES, AND HORN MAINTENANCE 


4-13. INSTRUMENTS, SENDING UNITS, SWITCHES, AND HORN MAINTENANCE TASK 


SUMMARY 


PROCEDURES 


Instrument Cluster Replacement 
Instrument Panel Replacement 
Electrical Gauge Replacement 
Speedometer/Odometer Replacement 
Speedometer Cable Replacement 
Instrument Cluster Light Replacement 
Wait-to-Start Lamp Replacement 
Brake Warning Lamp Replacement 
High-Beam Lamp Replacement 
Parking Brake Switch Replacement 
Horn Switch Replacement 

Horn Control Brush Replacement 
Horn Replacement 

Horn Mounting Bracket Replacement 
Engine Temperature Sending Unit Replacement 
Oil Pressure Sending Unit Maintenance 
Fuel Pressure Transducer Replacement 
Cold-Advance Switch Replacement 
Fuel Level Sending Unit Replacement 
Glow Plug Controller Replacement 

Fan Temperature Switch Replacement 
Time-Delay Module Replacement 
Backup Light Switch Replacement 
Engine RPM Sensor Replacement 
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4-14. INSTRUMENT CLUSTER REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: CM 9-2320-387-10 
automotive (Appendix B, Item 1) M3 0-38 é 
Materials/Parts Equipment Condition 
Five lockwashers (Appendix G, Item 206) Battery ground cables disconnected[(para. 4-68). 


Antiseize compound (Appendix C, Item 16) . 
Maintenance Level 


Unit 


NOTE 
Prior to removal, tag leads for installation. 


a. Removal 


1. Remove four screws (7) and washers (6) from instrument cluster (8) and instrument panel (3). Pull 
instrument cluster (8) away from instrument panel (3) to allow access to speedometer cable (4). 


2. Loosen driveshaft nut (5) and disconnect speedometer cable (4) from speedometer (1). 


3. Disconnect harness lead 27J (26), 28A (9), 40B (13), 27H (14), 36A (15), 57L (19), 17B (20), 27G (21), 
33A (22), 40C (17), and 567A (18) from instrument cluster (8). 


4. Remove five nuts (12), lockwashers (11), and harness ground leads 58H (10), 58G (25), 58E (23), 58F (24), 
and 57G (16) from instrument cluster (8) and remove instrument cluster (8). Discard lockwashers (11). 
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4-14. INSTRUMENT CLUSTER REPLACEMENT (Cont'd) 


b. Installation 


1. Apply antiseize compound to harness ground leads 58H (10), 58G (25), 58E (23), 58F (24), and 
57G (16) and install on instrument cluster (8) with five lockwashers (11) and nuts (12). 


2. Connect harness leads 27J (26), 28A (9), 40B (13), 27H (14), 36A (15), 57L (19), 17B (20), 27G (21), 
33A (22), 40C (17), and 567A (18) to instrument cluster (8). 


3. Connect speedometer cable (4) to speedometer (1), ensuring core (2) engages with square hole in 
speedometer (1), and secure with driveshaft nut (5). 


4, Install instrument cluster (8) in panel (3) with four washers (6) and screws (7). 


FOLLOW-ON TASKS: ¢ Connect battery ground cables|(para. 4-68). 
¢ Check operation of instrument cluster components (TM 9-2320-387-10). 
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4-15. INSTRUMENT PANEL REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: e Instrument cluster removed (para. © 14). 
automotive (Appendix B, Item 1) e Heater control cables removed (para. 10-79). 
Maintenance and repair shop equipment: ; 
automotive (Appendix B, Item 2) Maintenance Level 
Manual References Unit 
vi 9 0-387-1C 
NOTE 


Prior to removal, tag leads for installation. 


1. Loosen nut (9) and lower steering column (3). 
2. Remove cannon plug (11) from main light switch (10). 


3. cabas two capscrews (12), washers (13), nuts (14), and washers (13) from instrument panel (2) and 
body (1). 


4. Remove nut (16) and screw (17) from hand throttle bracket (15) and instrument panel (2). 


5. Remove nut (4), washer (5), capscrew (7), washer (5), and hand throttle bracket (15) from steering 
column bracket (8) and instrument panel (2). 


6. Remove screw (6) from instrument panel (2) and body (1). 
7. Pull instrument panel (2) away from body (1). 
8. Disconnect harness leads 11A (28), 14A (29), and 27A (27) from rotary switch (26). 
9. Disconnect harness leads 27F (32) and 571A (31) at wait-to-start indicator light (24). 
10. Disconnect harness leads 27L (30) and 67D (33) at brake warning indicator light (22). 
11. Disconnect harness lead 400 D (18) from resistor (21). 
12. Disconnect harness lead 27E (19) from blower switch (20) and remove instrument panel (2). 
13. Disconnect hose (25) from air restriction gauge (23). 


b. Installation 


Connect hose (25) to air restriction gauge (23). 

Connect harness lead 27E (19) to blower switch (20). 

Connect harness lead 400D (18) to resistor (21). 

Connect harness leads 27L (30) and 67D (33) to brake warning indicator light (22). 
Connect harness leads 27F (32) and 571A (31) to wait-to-start indicator light (24). 
Connect harness leads 11A (28), 14A (29), and 27A (27) to rotary switch (26). 
Install instrument panel (2) on body (1) with screw (6). 


Install instrument panel (2) and hand throttle bracket (15) on steering column bracket (8) with 
washer (5), capscrew (7), washer (5), and nut (4). 


Install hand throttle bracket (15) on instrument panel (2) with screw (17) and nut (16). 
Install two washers (13), capscrews (12), washers (13), and nuts (14) on instrument panel (2). 
Install cannon plug (11) on main light switch (10). 

Raise steering column (3) and tighten nut (9) to 31 lb-ft (42 N-m). 
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4-15. INSTRUMENT PANEL REPLACEMENT (Cont'd) 


FOLLOW-ON TASKS: ¢ Install heater cables (para. 10-79). 
¢ Install instrument cluster (para. 4-14). 
¢ Check operation of instrument panel components (TM 9-2320-387-10). 
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4-16. ELECTRICAL GAUGE REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: vu 9 )-387-1U 
automotive (Appendix B, Item 1) M 9 0-387-24F 
Maintenance and repair shop equipment: ; am 
automotive (Appendix B, Item 2) Equipment Condition 
Battery ground cables disconnected 
Materials/Parts 
Two lockwashers (Appendix G, Item 208) Maintenance Level 
Unit 
NOTE 


¢ Replacement procedures for all electrical gauges are basically 
the same. This procedure covers the temperature gauge. 


e Prior to removal, tag all leads for installation. 


a. Removal 


Remove four screws (9) and washers (8) from instrument cluster (1) and instrument panel (6). 
Pull instrument cluster (1) away from panel (6). 
Disconnect leads (4) and (5) from gauge (10). 


Remove two nuts (3), lockwashers (7), retaining bracket (2), and gauge (10) from instrument cluster (1). 
Discard lockwashers (7). 


b. Installation 


1. Install gauge (10) and retaining bracket (2) on instrument cluster (1) with two lockwashers (7) and 
nuts (3). Tighten nuts (3) to 8 lb-in. (1 N-m). 


2. Connect leads (4) and (5) to gauge (10). 
3. Install instrument cluster (1) on panel (6) with four washers (8) and screws (9). 


eo oe 
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4-16. ELECTRICAL GAUGE REPLACEMENT (Cont'd) 


FOLLOW-ON TASKS: ¢ Connect battery ground say Wat ay 
¢ Start engine and check operation of electrical gauge/(TM 9-2320-387-10). 
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4-17. SPEEDOMETER/ODOMETER REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: "TM 9-2320-387-10 
automotive (Appendix B, Item 1) TM 9-2320-387-24F 
Maintenance and repair shop equipment: : 
automotive (Appendix B, Item 2) Maintenance Level 


Unit 


a. Removal 


Remove four screws (10) and washers (9) from instrument cluster (4) and instrument panel (8). 
Pull instrument cluster (4) away from panel (8). 
Loosen driveshaft nut (2) on speedometer cable (7) and pull cable end out of speedometer (3). 


Remove two nuts (6) from speedometer retaining bracket (5) and remove speedometer (3) and 
bracket (5) from instrument cluster (4). 


b. Installation © 


1. Install speedometer (3) and retaining bracket (5) on instrument cluster (4) with two nuts (6). 
Tighten nuts (6) to 8 lb-in. (1 Nem). 


2. Install speedometer cable (7) into back of speedometer (3), ensuring core (1) engages in square hole 
in speedometer (3), and tighten driveshaft nut (2). 


3. Install instrument cluster (4) on panel (8) with four washers (9) and screws (10). 


PON 
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4-17. SPEEDOMETER/ODOMETER REPLACEMENT (Cont'd) 


FOLLOW-ON TASK: Check operation of speedometer (TM 9-2320-387-10). 


TM 9-2320-387-24-] 


4-18. SPEEDOMETER CABLE REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: ¢ Hood raised and secured (TM 9-2320-387-10). 
automotive (Appendix B, Item 1) e Engine access cover removed (para. 10-22). 
Materials/Parts Maintenance Level 
Locknut (Appendix G, Item 135) Unit 


Tiedown strap (Appendix G, Item 464) 


Manual References 


(TM 9-2320-387-10 
(TM 9-2320-387-24P 


a. Removal 


1. Remove four screws (12) and washers (13) from instrument cluster (11) and instrument 
panel (10) and pull instrument cluster (11) away to gain access to back of speedometer (3). 


2. Remove driveshaft nut (2) from speedometer (3). 
3. Push cable (5) and rubber grommet (4) through body (8). 


4. Remove locknut (6), screw (9), and clamp (7) from body (8). Remove clamp (7) from cable (5). Discard 
locknut (6). 


5. Remove tiedown strap (14) from speedometer cable (5) and harness (16). Discard tiedown 
strap (14). 


6. Remove speedometer cable (5) from adapter (15). 


b. Installation 


Install speedometer cable (5) on adapter (15), ensuring core (1) engages in square hole of adapter (15). 
Install tiedown strap (14) on speedometer cable (5) and harness (16). 

Install cable (5) on body (8) with clamp (7), screw (9), and locknut (6). 

Install cable (5) and grommet (4) on body (8). 


Connect cable (5) to back of speedometer (3), ensuring core (1) engages in square hole in speedometer (3) 
and tighten driveshaft nut (2). 


6. Install instrument cluster (11) on instrument panel (10) with four washers (13) and screws (12). 
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4-18. SPEEDOMETER CABLE REPLACEMENT (Cont'd) 


nstall engine access cover (para. 10-22). , 


e¢ Lower and secure hood 


eI 


FOLLOW-ON TASKS: 
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4-19. INSTRUMENT CLUSTER LIGHT REPLACEMENT 


This task covers: 
a. Lamp Removal c. Light Assembly Removal 
b. Lamp Installation d. Light Assembly Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: Battery ground cables disconnected 


automotive (Appendix B, Item 1) ; 
Maintenance Level 


Manual References Unit 


TM 9-2320-387-24F 


a. Lamp Removal 


1. Remove light lens (1) and gasket (2) from instrument cluster (4). 
2. Remove lamp (3) from instrument cluster (4). 


b. Lamp Installation 


1. Install lamp (3) on instrument cluster (4). 
2. Install gasket (2) and lens (1) on instrument cluster (4). 
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4-19. INSTRUMENT CLUSTER LIGHT REPLACEMENT (Cont'd) 


Remove two light lenses (1) and gaskets (2) from light assemblies (6). 

Remove lamp (3) from light assembly (6) being replaced. 

Remove all electrical gauges (para. 4-16) and speedometer/odometer|(para. 4-17). 
Separate instrument cluster (4) from backing panel (7). 

Disconnect harness lead 40B (5) from light assembly (6). 

Remove two screws (8) and light assembly (6) from backing panel (7). 


d. Light Assembly Installation 


Install light assembly (6) on backing panel (7) with two screws (8). 
Install backing panel (7) on instrument cluster (4). 


ere PP 


Install all electrical gauges (para. 4-16) and speedometer/odometer (para. 4-17). 
Connect harness lead 40B (5) to light assembly (6). 

Install lamp (3) on light assembly (6). 

Install two gaskets (2) and light lenses (1) on light assemblies (6). 


ee a oe 


FOLLOW-ON TASK: Connect battery ground cables (para. 4-68). 
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4-20. WAIT-TO-START LAMP REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: ¢ Battery ground cables disconnected| (para. 4-68). 
automotive (Appendix B, Item 1) ¢ Instrument cluster removed[(para. 4-14). 
Maintenance and repair shop equipment: : 
automotive (Appendix B, Item 2) Maintenance Level 
Unit 
Manual References 
TM 9-2320-387-10 
TM 9-2320-387-24P 
NOTE 


Prior to removal, tag leads and note position for installation. 


a. Removal 


1. Loosen nut (14) and lower steering column (7). 
Remove cannon plug (16) from main light switch (15). 


3. Remove two capscrews (17), washers (18), nuts (20), and washers (18) from instrument panel (6) and 
body (19). 


4. Remove nut (22) and screw (23) from hand throttle bracket (21) and instrument panel (6). 


5. Remove nut (13), washer (11), capscrew (10), and washer (11) from instrument panel (6), hand 
throttle bracket (21), and steering column bracket (12). 


Remove screw (8) from instrument panel (6) and cowl (9). 

Pull instrument panel (6) away from body (19). 

Remove two screws (5) from wait-to-start lamp (4) and instrument panel (6). 
Disconnect leads 571 (2) and 27 (3) from wiring harness (1). 

10. Remove wait-to-start lamp (4). 


1. Connect leads 571 (2) and 27 (3) to wiring harness (1). 

2. Install wait-to-start lamp (4) on instrument panel (6) with two screws (5). 
3. Install instrument panel (6) on cowl (9) with screw (8). 
4 


Install instrument panel (6) and hand throttle bracket (21) on steering column bracket (12) with 
washer (11), capscrew (10), washer (11), and nut (13). 


5. Install hand throttle bracket (21) on instrument panel (6) with screw (23) and nut (22). 


6. Install instrument panel (6) on body (19) with two washers (18), capscrews (17), washers (18), and 
nuts (20). 


7. Install cannon plug (16) on main light switch (15). 
8. Raise steering column (7) and tighten nut (14) to 31 lb-ft (42 Nem). 


© OND 
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4-20. WAIT-TO-START LAMP REPLACEMENT (Cont'd) 


FOLLOW-ON TASKS: « Install instrument cluster 
¢ Connect battery ground cables|(para. 4-68). 
e Start engine (T] 0) and check wait-to-start lamp assembly for 

operation. 
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4-21. BRAKE WARNING LAMP REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: TM 9-2320-387 -10 
automotive (Appendix B, Item 1) TM 9-2320-387-24F 
Materials/Parts Equipment Condition 
Tape (Appendix C, Item 77) e Battery ground cables disconnected (pare 69) 
e Air restriction gauge removed (para. 3-17) 


NOTE 
Prior to removal, tag leads and note position for installation. 


a. Removal 


1. Remove two screws (2) from brake warning lamp (1) and instrument panel (5). 
2. Disconnect leads 67 (7) and 27 (3) from wiring harness leads (6). 


3. Slide brake warning lamp (1) down toward steering column (4) and remove brake warning 
lamp (1). 


b. Installation 


NOTE 


Place tape around lead wires to keep lamp in proper position 
during installation. 


1. Install tape (8) around lamp (1) and lead wires (7) and (8).. 


2. Slide brake warning lamp (1) up along steering column (4) and install brake warning lamp (1) on 
instrument panel (5) with two screws (2). 


3. Connect leads 67 (7) and 27 (3) to wiring harness leads (6). 
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4-22. HIGH-BEAM LAMP REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic's tool kit: e Electrical gauges removed|(para. 4-16). 
automotive (Appendix B, Item 1) ¢ Speedometer/odometer removed|(para. 4-17). 
Materials/Parts Maintenance Level 
Gasket (Appendix G, Item 56) Unit 


Manual References 


TM 9-2320-387-24P 


NOTE 


Prior to removal, tag leads for installation. 


a. Removal 


ee ce fa 


Remove two light lenses (7) from instrument cluster back panel (4). 

Remove instrument cluster (6) from instrument cluster back panel (4). 

Disconnect harness lead 57L (2) and lead 17B (3) from high-beam lamp (5). 

Remove two screws (1), high-beam lamp (5), and gasket (8) from instrument cluster back panel (4). 


. Installation 


o 


eo See, ee a 


Install gasket (8) and high-beam lamp (5) on instrument cluster back panel (4) with two screws (1). 
Connect harness lead 57L (2) and lead 17B (3) to high-beam lamp (5). 

Install instrument cluster (6) on instrument cluster back panel (4). 

Install two light lenses (7) on instrument cluster back panel (4). 


FOLLOW-ON TASKS: « Install speedometer/odo 


meter|(para. 4-17). 
e Install electrical gauges (para. 4-16). 
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4-23. PARKING BRAKE SWITCH REPLACEMENT 


This task covers: 

a. Removal b. Installation 
INITIAL SETUP: 

Tools Equipment Condition 

General mechanic’s tool kit: Battery ground cables disconnected 
automotive (Appendix B, Item 1) : 
Maintenance Level 

Manual References Unit 

"TM _9-2320-387-10 

(TM 9-2320-387-24P 

NOTE 


Prior to removal, tag leads for installation. 


1. Disconnect parking brake switch leads 67C (1) and 67 (2) from wiring harness leads 67B (3) 
and 67E (4). 


2. Remove parking brake switch (5) from parking brake lever (6). 


b. Installation 


1. Install parking brake switch (5) on parking brake lever (6). 
2. Connect leads 67C (1) and 67 (2) to wiring harness leads 67B (3) and 67E (4). 


FOLLOW-ON TASKS: ¢ Connect battery ground cables|(para. 4-68). 
¢ Check parking brake switch operation (TM 9-2320-387-10). 
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4-24. HORN SWITCH REPLACEMENT 


This task covers: 
a. Removal b. Installatio 
INITIAL SETUP: oo 
Tools Manual References 
General mechanic’s tool kit: M 3 87-10 
automotive (Appendix B, Item 1) ™ 9 0-38 : 
Materials/Parts Equipment Condition 
Sealing compound (Appendix C, Item 63) 


Battery ground cables disconnected] (para. 4-68). 
Maintenance Level 
Unit 


a. Removal 


1. Remove snapring (5) from horn switch (4) and steering wheel (1). 
2. Pull horn switch (4) out and disconnect switch (4) from lead 25A (3) in steering shaft (2). 


1. Apply sealing compound to bushing (6). 
2. Connect lead 25A (3) to horn switch (4) and push switch (4) into steering shaft (2). 
3. Install snapring (5) on horn switch (4) and steering wheel (1). 


FOLLOW-ON TASKS: ¢ Connect battery ground cables|(para. 4-68) 
¢ Test horn for operation (TM 9-2320-387-10). 
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4-25. HORN CONTROL BRUSH REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 


General mechanic’s tool kit: 
automotive (Appendix B, Item 1) 
Maintenance and repair shop equipment: 
automotive (Appendix B, Item 2) 


Materials/Parts 


Silicone compound (Appendix C, Item 74) 
Grease (Appendix C, Item 32) 


a. Removal 


1. Loosen nut (1) and lower steering column (5). 


“U mete 4P 


Equipment Condition 
Battery ground cables disconnected (para. 4-68). 


Maintenance Level 
Unit 


Disconnect lead 25A (3) from horn control brush (4). 


3. Remove two screws (2) from horn control brush (4) and pry horn control brush (4) out of steering 


column (5). 


4. Clean silicone compound from steering column (5). 


b. Installation 


of ah 


7 


Apply grease to brass ring (6) in steering column (5). 

Apply silicone compound to bottom of horn control brush (4). 

Install horn control brush (4) on steering column (5) with two screws (2). 
Connect lead 25A (3) to horn control brush (4). 

Raise steering column (5) and tighten nut (1) to 31 Ib-ft (42 N-m). 


FOLLOW-ON TASKS: ¢ Connect battery ground cables (para. 4-68). 
¢ Check horn for proper operation (TM 9-2320-387-10). 
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4-26. HORN REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic's tool kit: ¢ Battery ground cables disconnected[(para. 4-68). 
automotive (Appendix B, Item 1) * Hood raised and secured (TM 9-2320-387-10). 
Materials/Parts Maintenance Level 
Two lockwashers (Appendix G, Item 205) Unit 


Manual References 


TM 9-2320-387-1C 
TM 9-2320-387-24P 


NOTE 
Prior to removal, tag leads for installation. 


a. Removal 


1. Remove two capscrews (4), lockwashers (5), and horn (2) from bracket (3). Discard lockwashers (5). 
2. Disconnect leads 25A (1) and 26A (6) from horn (2). 


b. Installation 


1. Connect leads 25A (1) and 26A (6) to horn (2). 
2. Install horn (2) on bracket (3) with two lockwashers (5) and capscrews (4). 


FOLLOW-ON TASKS: ¢ Connect battery ground cables (para. 4-68). 
e Lower and secure hood ) 
e Check horn for proper neers CEM 9-9390-387-10". 
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4-27. HORN MOUNTING BRACKET REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: ‘TM 9-2320-387-24P | 
automotive (Appendix B, Item 1) . . 
Maintenance and repair shop equipment: Equipment Condition 
automotive (Appendix B, Item 2) Horn removed (para. 4-26). 
Materials/Parts Maintenance Level 
Two lockwashers (Appendix G, Item 205) Unit 


a. Removal 


Remove two nuts (1), lockwashers (5), capscrews (4), and horn mounting bracket (2) from front 
crossmember (3). Discard lockwashers (5). 


b. Installation 


Install horn mounting bracket (2) on front crossmember (3) with two capscrews (4), lockwashers (5), and 
nuts (1). Tighten nuts (1) to 10 lb-ft (14 N-m). 


pe 
Fe eS 
aN qQ 
FOLLOW-ON TASK: Install horn[{(para. 4-26). 
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4-28. ENGINE TEMPERATURE SENDING UNIT REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: ¢ Battery ground cables disconnected 
* * I 8 4-63). 
aurombaveepebdix Bi, Tem. 1) ¢ Hood raised and secured (TM 9-2320-387-10) 
Materials/Parts Niskai oe 
Sealing compound (Appendix C, Item 61) ae 
Manual References 
(TM 9-2320-387-10 
(I'M 9-2320-387-24P 


NOTE 
The engine temperature sending unit is located at left front of engine. 


1. Disconnect lead 33B (1) from engine temperature sending unit (2). 


2. Remove engine temperature sending unit (2) from engine (3). 


Ey 


Apply sealing compound to threads of engine temperature sending unit (2). 
2. 


Install engine temperature sending unit (2) on engine (3). 
3. Connect lead 33B (1) to engine temperature sending unit (2). 


FOLLOW-ON TASKS: ¢ Connect ba 


ttery ground cables|(para. 4-68 
¢ Start engine (TM 9-2320-387-10) and check sending unit for leaks. 
e Lower and secure hood|(TM 9-2320-357-10). 
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4-29. OIL PRESSURE SENDING UNIT MAINTENANCE 


This task covers: 
a. Removal c. Installation 
b. Inspection 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: 'TM 9-2320-387-10 
automotive (Appendix B, Item 1) 'TM 9-2320-387-24P 
Maintenance and repair shop equipment . -_ 
automotive (Appendix B, Item 2) Equipment Condition 
¢ Battery ground cables disconnected|(para. 4-68). 
Materials/Parts 


e Engine access cover removed (para. 10-22). 
Sealing compound (Appendix C, Item 61) . 
Maintenance Level 


Unit 


1. Disconnect lead 36A (5) from oil pressure sending unit (4). 
2. Remove clamp (1) and oil pressure sending unit (4) from bracket (2). 
3. Disconnect oil pressure sending unit (4) from connector (3). 


Inspect connector (3) for damage. Replace if damaged. 


1. Apply sealing compound to threads of oil pressure sending unit (4). 
2. Connect oil pressure sending unit (4) to connector (3). 


Install oil pressure sending unit (4) on bracket (2) with clamp (1). Tighten clamp to 10-20 Ib-in. 
(1-2 N-m). 


4. Connect lead 36A (5) to oil pressure sending unit (4). 
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4-29. OIL PRESSURE SENDING UNIT MAINTENANCE (Cont'd) 


FOLLOW-ON TASKS: ¢ Connect battery ground cables |(para. 4-68). 
¢ Start engine (TM 9-2320-387-10)iand check sending unit for leaks. 
¢ Install engine access cover (para. 10-22). 
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4-30. FUEL PRESSURE TRANSDUCER REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic's tool kit: ¢ Battery ground cables disconnected 
automotive (Appendix B, Item 1) ¢ Hood raised and secured (TM 9-2320-387-10) 
Materials/Parts Maintenance Level 
Sealing compound (Appendix C, Item 61) Unit 


Manual References 


UTM 9-2320-387-10 
TM 9-2320-387-24P 


NOTE 


The fuel pressure transducer is a sensor unit for diagnostic 
testing. It is mounted on top of the fuel filter on firewall of vehicle. 


a. Removal 


1. Disconnect multiple connector (2) from STE/ICE-R wiring harness (3). 
2. Remove fuel pressure transducer (1) from fuel filter (4). 


b. Installation 


1. Apply sealing compound to threads of fuel pressure transducer (1). 
2. Install fuel pressure transducer (1) on fuel filter (4). 
3. Connect multiple connector (2) to STE/ICE-R wiring harness (3). 


| 
| 


FOLLOW-ON TASKS: ¢ Connect batte 
e Start engine ( 
e Lower and secure hood 


and 
Vi 3% 


Lt 
{) . 
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4-31. COLD-ADVANCE SWITCH REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: ¢ Battery ground cables disconnected 
automotive (Appendix B, Item 1) ¢ Engine coolant drained as necessary|(para. 3-61). 


e Engine access cover removed (para. 10-22). 
Materials/Parts 


Sealing compound (Appendix C, Item 61) Maintenance Level 
Unit 
Manual References 


UTM _9-2320-387-24P 


NOTE 


¢ The cold-advance switch is located in the right cylinder head 
water jacket at the rear of the cylinder head just above the 
exhaust manifold. 


¢ Prior to removal, tag leads for installation. 


a. Removal 


1. Disconnect leads 569G (1) and 569B (3) from engine harness (2). 
2. Remove cold-advance switch (5) from engine (4). 


b. Installation 


1. Apply sealing compound to threads of cold-advance switch (5). 
2. Install cold-advance switch (5) on engine (4). 
3. Connect leads 569G (1) and 569B (3) to engine harness (2). 


FOLLOW-ON TASKS: ¢ Connect battery ground cableg (para. 4-68). 
e Fill cooling system|(para. 3-61), 
* Install engine access cover (para. 10-22). 


4-55 


TM 9-2320-387-24-1 


4-32. FUEL LEVEL SENDING UNIT REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
Genera! mechanic’s tool kit: Fuel tank removed (para. 3-25). 
automotive (Appendix B, Item 1) ; 
Maintenance and repair shop equipment General Safety Instructions 
automotive (Appendix B, Item 2) Do not perform this procedure near fire, flames, or 
. sparks. 
Materials/Parts 
Five lockwashers (Appendix G, Item 210) Maintenance Level 
Gasket (Appendix G, Item 61) Unit 
Manual References 
'TM _9-2320-387-10 
"TM 9-2320-387-24F 


WARNING 


Diese] fuel is highly flammable. Do not perform this procedure 
near fire, flame, or sparks. Severe injury or death may result. 


a. Removal 


1. Remove five screws (1) and lockwashers (2) from fuel level sending unit (3) and fuel tank (6). Discard 
lockwashers (2). 


2. Remove fuel level sending unit (3) from inside of fuel tank (6). 
3. Remove and discard gasket (4). 


b. Installation 


1. Place gasket (4) on fuel level sending unit (3). 
2. Install fuel level sending unit (3) into fuel tank (6), ensuring not to bend float arm (8). 


3. Align holes of fuel level sending unit (3) to tank (6) so float (7) is pointed in same direction that tank 
filler neck (5) points. 


4. Install fuel level sending unit (3) on fuel tank (6) with five lockwashers (2) and screws (1). Tighten 
screws (1) to 32 lb-in. (4 Nem). 


TM 9-2320-387-24-1 


4-32. FUEL LEVEL SENDING UNIT REPLACEMENT (Cont'd) | 


FOLLOW-ON TASKS: « Install fuel tank[(para. 3-25). | 
¢ Check fuel gauge for proper operation (TM 9-2320-387-19). 
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4-33. GLOW PLUG CONTROLLER REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: [TM 9-2320-387-10 


automotive (Appendix B, Item 1) 
Maintenance and repair shop equipment: 


automotive (Appendix B, Item 2) Equipment Condition 
; ¢ Battery ground cables disconnected|(para. 4-68). 
Materials/Parts ¢ Hood raised and secured (TM 9-2320-387-10) 
Grease (Appendix C, Item 36) ; 
Sealing compound (Appendix C, Item 61) Maintenance Level 
Unit 
NOTE 


It may be necessary to clamp surge tank-to-lower radiator tube to 
prevent loss of coolant. 


a. Removal 


1. Disconnect multiple connector (2) from glow plug controller (1). 
2. Remove glow plug controller (1) from water crossover (3). 


CAUTION 


© Do not attempt to start engine unless controller has been 
mounted in engine for a minimum of 10 minutes, or if all glow 
plugs are disconnected. Damage to glow plugs may result. 


¢ Do not overtighten controller. Damage to water crossover may 
result. 


1. Apply sealing compound to threads of glow plug controller (1). 


2. Install glow plug controller (1) on water crossover (3). Tighten controller (1) to 14-20 lb-ft 
(19-27 Nem). 


3. Apply grease to pins (4) of glow plug controller (1). 
4. Connect multiple connector (2) to glow plug controller (1). 
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4-33. GLOW PLUG CONTROLLER REPLACEMENT (Cont'd) 


FOLLOW-ON TASKS: ¢ Connect battery ground segey | Be 
¢ Lower and secure hood (TM 9-2320-387-10). 
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4-34. FAN TEMPERATURE SWITCH REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s too! kit: e Battery ground cables disconnecte : 
automotive (Appendix B, Item 1) ¢ Hood raised and secured (TM 9-2320-387-10). 
Materials/Parts Maintenance Level 
Sealing compound (Appendix C, Item 61) Unit 


Manual References 
vi 9 0-38 U 


NOTE 


e The engine temperature switch is located on the top front side 
of the engine in the water crossover. 


¢ Prior to removal, tag leads for installation. 


a. Removal 


1. Disconnect engine harness leads 458A (4) and 458B (3) from fan temperature switch (1). 
2. Remove fan temperature switch (1) from water crossover (2). 


b. Installation 


1. Apply sealing compound to threads of fan temperature switch (1). 
2. Install fan temperature switch (1) on water crossover (2). 
3. Connect engine harness leads 458A (4) and 458B (3) to fan temperature switch (1). 


(para. 4-68) 


4-60 


TM 9-2320-387-24-1 


4-35. TIME-DELAY MODULE REPLACEMENT 


This task covers: 
a. Removal . b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: e Battery ground cables disconnected|(para. 4-68). 
automotive (Appendix B, Item 1) e Hood raised and secure 
Manual References Maintenance Level 
Unit 


TM 9-2320-387-24P 


a. Removal 


1. Disconnect connector plug (3) from control valve connector (5). 
2. Disconnect connector plug (2) from engine harness (4). 
3. Remove two screws (1) and time-delay module (7) from cow] (6). 


b. Installation 


1. Install time-delay module (7) on cowl (6) with two screws (1). 
2. Connect connector plug (2) to engine harness (4). 
3. Connect connector plug (3) to contro] valve connector (5). 


FOLLOW-ON TASKS: © Connect battery ground cables (para. 4-68) 
e Lower and secure hood (TM 9-2320-387-10). 
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4-36. BACKUP LIGHT SWITCH REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: 'TM 9-2320-387-24P 
tomotive (Appendix B, Item 1) 
ppromne EP Equipment Condition 
Materials/Parts Shift controls housing removed (para. 5-7). 
Two lockwashers (Appendix G, Item 208) . 
Tiedown strap (Appendix G, Item 461) Maintenance Level 
Unit 


a. Removal 


1. Remove boot (4) from shift controls housing assembly (1). 


2. Remove two screws (5) and lockwashers (6) from backup light switch (7) and housing 
assembly (1). Discard lockwashers (6). 


3. Remove tiedown strap (3) and backup light switch (7) from neutral start switch leads (2). Discard 
tiedown strap (3). 


b. Installation 


1. Install backup light switch (7) on shift controls housing assembly (1) with two lockwashers (6) and 
screws (5). 


2. Install tiedown strap (3) on leads from backup light switch (7) and neutral start switch leads (2). 


3. Position neutral start switch leads (2) and backup light switch (7) leads through boot (4) and install 
boot (4) on housing assembly (1). 
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4-36. BACKUP LIGHT SWITCH REPLACEMENT (Cont'd) 


FOLLOW-ON TASK: Install shift controls housing/(para. 5-7). 
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4-37. ENGINE RPM SENSOR REPLACEMENT 


This task covers: 


a. Removal 


b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: TM 9-2320-387-10 
automotive (Appendix B, Item 1) M 9 0-387-24F 
Materials/Parts Equipment Condition 
Lockwasher (Appendix G, Item 190) 


e Battery ground cable disconnected 
e Hood raised and secured 


Maintenance Level 
Unit 


a. Removal 


1. Disconnect body harness lead (1) from rpm sensor lead (2). 
2. Remove capscrew (4), lockwasher (5), and clamp (7) from front cover (8). Discard lockwasher (5). 
3. Remove capscrew (3) and rpm sensor (6) from front cover (8). 


b. Installation 


1. Install rpm sensor (6) in front cover (8) with capscrew (3). 
2. Install rpm sensor lead (2) on front cover (8) with clamp (7), lockwasher (5), and capscrew (4). 
3. Connector rpm sensor lead (2) to body harness lead (1). 


FOLLOW-ON TASKS: ¢ Connect battery ground cables (para. 4-68). 
e Lower and secure hood (TM 9-2320-387-10). 
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Section IV. TRANSFER CASE AND TRANSMISSION ELECTRICAL MAINTENANCE 


4-38. TRANSFER CASE AND TRANSMISSION ELECTRICAL MAINTENANCE TASK SUMMARY 


Neue PROCEDURES feng 
4-39. Transfer Case Indicator Switch Replacement 4-66 
Transfer Case Indicator Lamp Assembly Replacement 
4-41. Transmission Indicator Lamp Assembly Replacement 4-68 
Fan Cut-Off Switch Replacement 
Transmission Circuit Breakers Replacement 
Transmission Relay Replacement 
Transmission Control Module (TCM) Replacement 
4-46. Throttle Position (TP) Sensor Maintenance 4-76 
4-47. Transmission Input Speed Sensor (TISS) and 4-78 
Output Speed Sensor (TOSS) Maintenance 
4-47.1 Transmission Control Module (TCM) Capacitor Replacement 4-80 
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4-39. TRANSFER CASE INDICATOR SWITCH REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: Battery ground cables disconnected|(para. 4-68). 


automotive (Appendix B, Item 1) : 
Maintenance Level 


Manual References Unit 


'TM 9-2320-387-24P 


a. Removal 


1. Disconnect leads 511A (4) and 511B (5) from indicator switch leads (3) on transfer case (1). 
2. Remove indicator switch (2) from transfer case (1). 


b. Installation 


1. Install indicator switch (2) on transfer case (1). 
2. Connect leads 511A (4) and 511B (5) to indicator switch leads (3). 


FOLLOW-ON TASK: Connect battery ground cables (para. 4-68). 
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4-40. TRANSFER CASE INDICATOR LAMP ASSEMBLY REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: ¢ Battery ground cables disconnected|(para. 4-68). 
automotive (Appendix B, Item 1) e Engine access cover removed (para. 10-22). 
Manual References Maintenance Level 
'TM 9-2320-387-24P Unit 


a. Removal 


1. Disconnect lead 511A (8) from lamp assembly lead (7). 
2. Remove nut (9), washer (6), ground lead (5), and washer (4) from stud (3). 
3. Remove two screws (2) and lamp assembly (10) from body (1). 


b. Installation 


1. Install lamp assembly (10) on body (1) with two screws (2). 
2. Install ground lead (5) on stud (3) with washers (4) and (6), and nut (9). 
3. Connect lead 511A (8) to lamp assembly lead (7). 


FOLLOW-ON TASKS: °¢ Install engine access cover (para. 10-22). 
¢ Connect battery ground cables[(para. 4-68). 
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4-41. TRANSMISSION INDICATOR LAMP ASSEMBLY REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s too] kit: e Battery ground cables disconnecte 
automotive (Appendix B, Item 1) e Engine access cover removed (para. 10- 
Manual References Maintenance Level 
TM 9-2320-387-24P Unit 


a. Removal 


1. Disconnect lead 657 (4) from lamp assembly lead (5). 
2. Remove two screws (2) and lamp assembly (1) from body (3). 


b. Installation 


1. Install lamp assembly (1) on body (3) with two screws (2). 
2. Connect lead 657 (4) to lamp assembly lead (5). 


FOLLOW-ON TASKS: « Install engine access cover (para. 10-22). 
¢ Connect battery ground cables|(para. 4-68). 
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4-42. FAN CUT-OFF SWITCH REPLACEMENT 


This task covers: 


a. Removal b. Installation 


INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: ¢ Battery ground cables disconnected|(para. 4-68). 
automotive (Appendix B, Item 1) ¢ Hood raised and secured (TM 9-2320-387-10 
Materials/Parts Maintenance Level 
Two locknuts (Appendix G, Item 116) Unit 
Manual References 
_TM 9-2320-387-10 
TM 9-2320-387-24F 


NOTE 
Prior to removal, tag leads for installation. 


a. Removal 


1. Disconnect harness leads 315A/315B (4) from leads 315 (5). 
2. Remove two locknuts (1), washers (2), and switch (6) from bracket (3). Discard locknuts (1). 


b. Installation 


1. Install switch (6) on bracket (3) with two washers (2) and locknuts (1). 
2. Connect harness leads 315A/315B (4) to leads 315 (5). 
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4-43. TRANSMISSION CIRCUIT BREAKERS REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s too! kit: 'TM 9-2320-387-24P 


automotive (Appendix B, Item 1) ; 
: Equipment Condition 


Materials/Parts Battery ground cables disconnected|(para. 4-68). 
Two lockwashers (Appendix G, Item 215) 
Maintenance Level 
Unit 
NOTE 


Prior to removal, tag leads for installation. 


a. Removal 


NOTE 


Perform steps 1, 2, and 3 for M1113 models only. Perform steps 4 
and 5 for M1114 models only. 


1. Remove three capscrews (1) from coverplate (2) and B-beam (3). 


2. Remove two nuts (4), washers (5), capscrews (11), and washers (10) from coverplate (2) and 
B-beam (3). 


3. Remove two capscrews (9), lockwashers (8), washers (7), and coverplate (2) from battery box (6). 
Discard lockwashers (8). 


4. Remove two capscrews (15) from coverplate (2) and B-beam (3). 


5. Remove two capscrews (14), lockwashers (13), washers (12), and coverplate (2) from battery box (6). 
Discard lockwashers (13). 


6. Disconnect two leads (17) from circuit breaker (18). 
7. Remove two nuts (16), circuit breaker (18), and screws (19) from coverplate (2). 


b. Installation 


1. Install circuit breaker (18) on coverplate (2) with two screws (19) and nuts (16). 
2. Connect two leads (17) to circuit breaker (18). 
NOTE 


Perform steps 3, 4, and 5 for M1113 models only. Perform steps 6 
and 7 for M1114 models only. 


Install coverplate (2) on battery box (6) with two washers (7), lockwashers (8), and capscrews (9). 
Install coverplate (2) on B-beam (3) with three capscrews (1). 

Install coverplate (2) on B-beam (3) with two washers (10), capscrews (11), washers (5), and nuts (4). 
Install coverplate (2) on battery box (6) with two washers (12), lockwashers (13), and capscrews (14). 
Secure coverplate (2) to B-beam (3) with two capscrews (15). 
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4-43. TRANSMISSION CIRCUIT BREAKERS REPLACEMENT (Cont'd) 


FOLLOW-ON TASK: Connect battery ground cables[(para. 468). 


TM 9-2320-387-24-1 


4-44. TRANSMISSION RELAY REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: “TM 9-2320-387-24P 


automotive (Appendix B, Item 1) 


Equipment Condition 
Materials/Parts 


Batte d cables disconnected|/(para. 4-68). 
Two lockwashers (Appendix G, Item 215) Cen meee eae 
Maintenance Level 
Unit 
NOTE 


Prior to removal, tag leads for installation. 


a. Removal 


NOTE 


Perform steps 1 and 2 for M1113 models only. Perform steps 3 and 4 
for M1114 models only. 


1. Remove two capscrews (9), lockwashers (8), and washers (7) from coverplate (2) and battery box (6). 
Discard lockwashers (8). 


2. Remove two nuts (4), washers (5), five capscrews (1), two washers (10), and coverplate (2) from 
B-beam (3). 


3. Remove two capscrews (16) from coverplate (2) and B-beam (11). 


4. Remove two capscrews (15), lockwashers (14), washers (13), and coverplate (2) from battery box (12). 
Discard lockwashers (14). 


5. Disconnect four leads (17) from relay leads (18). 


NOTE 


M1113 vehicles may be equipped with plusnuts instead of nuts as 
indicated in step 6. 


6. Remove two nuts (21), washers (22), capscrews (19), and relay (20) from coverplate (2). 


b. Installation 


1. Install relay (20) on coverplate (2) with two capscrews (19), washers (22), and (if removed) nuts (21). 
2. Connect four relay leads (18) to leads (17). 


NOTE 


Perform steps 3 and 4 for M1113 models only. Perform steps 5 and 6 
for M1114 models only. 


3. Install coverplate (2) on B-beam (3) with two washers (10), five capscrews (1), two washers (5), and 
nuts (4). 


4. Install coverplate (2) on battery box (6) with two washers (7), lockwashers (8), and capscrews (9). 
Install coverplate (2) on battery box (12) with two washers (13), lockwashers (14), and capscrews (15). 
Secure coverplate (2) to B-beam (11) with two capscrews (16). 
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4-44. TRANSMISSION RELAY REPLACEMENT (Cont'd) 


FOLLOW-ON TASK: Connect battery ground cables (para. 4-68). 
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4-45. TRANSMISSION CONTROL MODULE (TCM) REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Personnel Required 
Tools One mechanic 
General mechanic’s tool kit: One assistant 
automotive (Appendix B, Item 1) 
Maintenance and repair shop equipment: Manual References 
automotive (Appendix B, Item 2) TM _ 9-2320-387-24P 
Materials/Parts 


Equipment Condition 


Adhesive (Appendix C, Item 10) z 
Four lockwashers (Appendix G, Item 204) Battery ground cables disconnected|(para. 4-68}. 


Maintenance Level 
Unit 


CAUTION 


Ensure ignition switch is OFF before disconnecting or recon- 
necting Transmission Control Module (TCM). Failure to do this 
may cause internal damage toTCM. 


a. Removal 


NOTE 
¢ Perform step 1 to remove left rear passenger seat (M1114 only). 
e¢ Perform step 1.1 for TCM access M1113 only. 


¢ For E-Prom replacement, perform steps 1.2 through 4 only. For 
TCM replacement, perform steps 5 and 6 only. 


1. Remove four socket-head screws (16), lockwashers (17), washers (18), and seat base (19) with 
seat (15) from floor (14). Discard lockwashers (17). 


1.1. Open and secure left rear access panel (6.2). 

1.2. Loosen four screws (1) and remove cover (2) and foam insulation (4) from TCM (8). 
2. Remove two screws (5) and access panel (6) from terminal box (9). 

3. Remove E-Prom (6.1) from circuit board (7). 

4. Clean sealant from TCM (8) and cover (2). 

5. Disconnect harness connector (11) from TCM (8). 

6. Remove four screws (12), washers (13), and TCM (8) from floor (14). 


b. Installation 
NOTE 


¢ For TCM installation, perform steps 1 and 2 only. For E-Prom 
replacement, perform steps 3 through 6 only. 


¢ Perform step 7 for M1113 only and step 8 to install left rear 
passenger seat (M1114 only). 


Install TCM (8) on floor (14) with four washers (13) and screws (12). 

Connect harness connector (11) to TCM (8). 

Install E-Prom (10) on circuit board (7). 

Install access pane! (6) on terminal box (9) with two screws (5). 

Apply 1/8-in. bead of RTV adhesive sealant in groove (3) on cover (2). 

Install foam insulation (4) and cover (2) on TCM (8) and tighten four screws (1) to 30 Ib-in. (3 N-m). 
Close and secure left rear access panel (6.2). 


Install seat base (19) with seat (15) on floor (14) with four washers (18), lockwashers (17), and 
socket-head screws (16). Tighten socket-head screws (16) to 140-170 Ib-in. (16-19 N-m). 


Da al el a 
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4-45. TRANSMISSION CONTROL MODULE (TCM ) REPLACEMENT (Cont'd) 


FOLLOW-ON TASK: Connect battery ground cables (para. 4-68). 
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4-46. THROTTLE POSITION (TP) SENSOR MAINTENANCE 


This task covers: 


a. Removal c. Adjustment 
b. Installation 


INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: M 9 0-387-10 
automotive (Appendix B, Item 1) TM 9-2320-387-24F 
Test Equipment Equipment Condition 
Multimeter (Appendix B, Item 155) Air horn removed [para. 3-14). 
Jumper wire (Appendix B, Item 79) . 
Valve gauge block (Appendix B, Item 45) Maintenance Level 
Unit 
CAUTION 


The TP sensor is an electrical component and must not be soaked 
in any liquid cleaner or solvent, or damage may result. 


1. Disconnect engine wiring harness connector (3) from TP sensor connector (4). 
2. Remove two screws (7), washers (6), and TP sensor (5) from fuel injection pump (1). 


b. Installation 


1. Ensure throttle is closed, and place TP sensor (5) on throttle shaft (2) of fuel injection pump (1). 

2. Rotate TP sensor (5) counterclockwise to align screw holes in sensor (5) with holes in injection 
pump (1). 

3. Install TP sensor (5) on injection pump (1) with two washers (6) and screws (7). Do not tighten 
screws (7). 


4. Adjust TP sensor (5). 


Disconnect engine harness (12) and body harness connectors (11). 
Install jumper wires between TP sensor connector (4) and body wiring harness connector (11). 


Rotate ignition switch to RUN position (TM 9-2320-387-10). 
Using a digital multimeter, measure voltage between terminals A and C of TP sensor 
connector (4). This voltage should be between 4.5 - 5.8 volts. Multiply by 0.33 to obtain the desired 
TP sensor voltage, and use this figure to adjust TP sensor. 
NOTE 


For example, 5.00 volts x 0.33 = 1.65 volts (+1% or 0.02 volts 
tolerance). 
5. Install .646 side of valve gauge block between injection pump throttle lever stopscrew (8) and 
housing boss (9) on the injection pump (1). 


6. Rotate injection pump throttle lever (10) so that stopscrew (8) holds valve gauge block against 
housing boss (9). 


ee 
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4-46. THROTTLE POSITION (TP) SENSOR MAINTENANCE (Cont'd) 


NOTE 


Keep throttle lever in this position during remainder of 
adjustment steps. 


7. Measure voltage between terminals B and C of TP sensor connector (4). 


a. If measured voltage is within calculated specification, as indicated in step 4, remove jumper wire 
and connect engine harness connector (3) to TP sensor connector (4). 


b. If voltage is not within calculated specification, go to next step. 


8. Loosen TP sensor mounting screws (7) and rotate TP sensor (5) toward rear of vehicle (counter- 
clockwise direction). 


9. With voltmeter connected to terminals B and C of TP sensor connector (4), rotate TP sensor (5) 
slowly toward front of vehicle (clockwise direction) until voltmeter indicates voltage as determined 
in step 4. 


10. Tighten TP sensor mounting screws (7) and confirm that adjustment did not change. 
11. Remove jumper wire. 

12. Remove valve gauge block. 

13. Connect engine wiring harness connector (3) to TP sensor connector (4). 

14. Connect body harness connector (11) and engine harness connector (12). 


FOLLOW-ON TASK: Install air horn|(para. 3-14). 
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4-47. TRANSMISSION INPUT SPEED SENSOR (TISS) AND OUTPUT SPEED SENSOR 
(TOSS) MAINTENANCE 


This task covers: 
a. Removal c. Installation 
b. Inspection 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: M 0-387-10 


automotive (Appendix B, Item 1) 


Materials/Parts Equipment Conditions 
O-ring seal (Appendix G, Item 288) Battery ground cables disconnected[(para. 4-68). 


Hydraulic fluid (Appendix C, Item 37) 
Maintenance Level 


Unit 


NOTE 


Replacement procedure for input and output speed sensors are 
basically the same. This procedure covers the output speed sensor. 


a. Removal 


1. Disconnect speed sensor harness connector (5) from sensor (7). 

2. Remove nut (10), capscrew (1), washer (2), and harness clip (4) from sensor bracket (8). 

3. Remove capscrew (9) from sensor (7) and transmission (3). Slide bracket (8) off sensor (7). 
4. Using a twisting motion, remove sensor (7) from transmission (3). 


Inspect O-ring seal (6) and replace if damaged. 


c. Installation 


Lubricate O-ring seal (6) with hydraulic fluid and install on sensor (7) if removed. 
Using a twisting motion, install sensor (7) on transmission (3). 

Slide bracket (8) over sensor (7) and install capscrew (9). 

Install harness clip (4) on sensor bracket (8) with washer (2), capscrew (1), and nut (10). 
Install connector (5) on sensor (7). 


ee eee 
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4-47. TRANSMISSION INPUT SPEED SENSOR (TISS) AND OUTPUT SPEED SENSOR 
(TOSS) MAINTENANCE (Cont'd) 
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FOLLOW-ON TASKS: ¢ Connect battery ground cabled (para. 4-68). 
e Start engine (TM 9-2320-387-10) and check operation of transmission. 
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4-47.1. TRANSMISSION CONTROL MODULE (TCM) CAPACITOR REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic's tool kit: Battery ground cables disconnected|(para. 4-68). 


automotive (Appendix B, Item 1) 
Maintenance Level 


Manual References Unit 


TM_9-2320-387-24P 


a. Removal 


1. Disconnect TCM capacitor connector (8) from body wiring harness connectors (7). 


2. Remove nut (6), screw (1), washer (2), body wiring harness clamp (3), TCM capacitor clamp (4), and 
TCM capacitor (9) from body wiring harness bracket (5). 


3. Remove TCM capacitor (9) from TCM capacitor clamp (4). 


b. Installation 


1. Install TCM capacitor (9) on body wiring harness bracket (5) with TCM capacitor clamp (4), body 
wiring harness clamp (3), washer (2), screw (1), and nut (6). 


2. Connect TCM capacitor connector (8) to body wiring harness connector (7). 


: PR 


FOLLOW-ON TASK: Connect battery ground cabled (para. 4-68). 
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Section V. IIGHTING SYSTEM MAINTENANCE 


4-48. LIGHTING SYSTEM MAINTENANCE TASK SUMMARY 


Ln PROCEDURES fen 
[4-49] Service Headlight Lamp Maintenance [4-82 
Service Headlight Assembly Replacement ' [484 
[4-54], Blackout Drive Light Assembly Replacement [4-86 
(4-52. Blackout Drive Light Lamp Replacement [4-88 
[4-53 Front Composite Light Assembly Replacement - [4-90 
[ 4-54. Front Composite Light Lamp Replacement [4-92 
Rear Composite Light Lamp Replacement [4-98 
(4-56. Side Marker Light Assembly Replacement [4-94 
Rear Composite Light Assembly Replacement [4-96 
[ 4-58. Main Light Switch Replacement [4-98 
Headlight Beam Selector Switch and Bracket 

Replacement [4-99 
Stoplight/Torque Converter Clutch Brake Switch Maintenance [100 
Directional Signal Flasher Replacement [4-102 
Directional Signal Control Indicator Lamp Replacement [4-103 
Directional Signal Control Replacement 
Directional Signal Control Cancelling Ring Replacement [4-105 
|4-69 Service Headlight and Blackout Drive Light Electrical [4-106 


Connector and Grommet Replacement 
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4-49. SERVICE HEADLIGHT LAMP MAINTENANCE 


This task covers: 
a. Removal c. Adjustment 
b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: 'TM 9-2320-387-10 
automotive (Appendix B, Item 1) (TM 9-2320-387-24P 
Personnel Required Equipment Condition 
One mechanic Battery ground cables disconnected|(para. 4-68). 
Once assistant . 
Maintenance Level 
Unit 
NOTE 


Prior to removal, tag leads for installation. 


a. Removal 


1. Loosen three screws (1) on retaining ring (2) and remove retaining ring (2) from headlight housing (5). 
2. Disconnect leads 17 (4), 18 (6), and 91 (7) from headlight housing (5) and remove lamp (3). 


b. Installation 


NOTE 
Circuit numbers are marked on housing. 
1. Connect leads 17 (4), 18 (6), and 91 (7) to headlight housing (5). 


2. Install lamp (3) on housing (5) with retaining ring (2) and tighten three screws (1). 
3. Connect battery ground cables (para. 4-68). 
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4-49, SERVICE HEADLIGHT LAMP MAINTENANCE (Cont'd) 


10. 


NOTE 


e Headlamp alignment is basically the same for both 
headlamps. 


¢ Inflate tires on vehicle before starting procedure. (Refer to 


e¢ Measured height (H) varies depending on model of vehicle 
and load configuration. 


Position vehicle on level ground 25 ft. from and facing a vertical wall. 

Measure height (H) from ground up to center of headlamp (3). 

Using chalk, draw a horizontal line across vertical wall at center height (H) of headlamp. 
Draw a vertical line through horizontal line for center position (C) of vehicle. 

Measure distance from center to center of headlamp (D) and divide measurement in half. 
Draw two vertical lines (D) at equal distance from center position line (C). 


Measure down one-twelfth from horizontal line (H) and mark horizontal lines through headlamp 
vertical lines (D). 


Turn headlamps on low beam and block out one headlamp. 


Adjust headlamp (3) using vertical adjusting screw (8) and/or horizontal adjusting screw (9) until 
center of headlamp beam is aligned with lower horizontal and vertical lines. 


Repeat steps 8 and 9 for other headlamp. 


VEHICLE 


FOLLOW-ON TASK: Check headlight lamp for proper operation (TM 9-2320-387-10). 
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4-50. SERVICE HEADLIGHT ASSEMBLY REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic's tool kit: e Battery ground cables disconnected (para. 4-68). 
automotive (Appendix B, Item 1) ¢ Hood raised and secured (TM 9-2320-387-10). 
Materials/Parts Maintenance Level 
Three lockwashers (Appendix G, Item 207) Unit 


Manual References 


TM 9-2320-387-10 
TM 9-2320-387-24P 


NOTE 
¢ Prior to removal, tag leads for installation. 
e Note position of circuit 91 for installation. 


a. Removal 


1. Remove three nuts (4) and lockwashers (5) from headlight assembly (1) and hood (6). Discard 
lockwashers (5). 


2. Remove leads 17 (2), 18 (3), and 91 (7) from headlight assembly (1). 
3. Remove headlight assembly (1) from hood (6). 


b. Installation 
NOTE 


Circuit numbers are marked on headlight next to respective 
connectors. 


1. Connect leads 17 (2), 18 (3), and 91 (7) to headlight assembly (1). 
2. Install headlight assembly (1) on hood (6) with three lockwashers (5) and nuts (4). 
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4-50. SERVICE HEADLIGHT ASSEMBLY REPLACEMENT (Cont'd) 


be X/ 
eet 


FOLLOW-ON TASKS: © Connect battery ground cables (para. 4-68), 


e Lower and secure hood (iM $-2320-387-16). 
¢ Check adjustment of hez ara, 4-46 
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4-51. BLACKOUT DRIVE LIGHT ASSEMBLY REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: TM 9-2320-387-1C 
automotive (Appendix B, Item 1) M 9 0-38 F 
Maintenance and repair shop equipment: ; - 
automotive (Appendix B, Item 2) Equipment Condition 


¢ Battery ground cables disconnected 


Materials/Parts ¢ Hood raised and secured (TM 9-2320-387-10). 
Lockwasher (Appendix G, Item 205) . 
Four nut and lockwasher assemblies Maintenance Level 
(Appendix G, Item 244) Unit 


a. Removal 


1. Remove nut (5), lockwasher (6), and special washer (7) from blackout drive light (1) and hood (9). 
Discard lockwasher (6). 


Disconnect lead 198 (4) from blackout drive light (1). 
Remove blackout drive light (1) and coned mounting washer (3) from swivel bracket (11). 
Disconnect lead 92C (2) from blackout drive light (1). 


Remove four nut and lockwasher assemblies (8), swivel bracket (11), and plate (10) from hood (9). 
Discard nut and lockwasher assemblies (8). 


b. Installation 


1. Install swivel bracket (11) on outside of hood (9), and plate (10) to inside of hood (9) with four nut 
and lockwasher assemblies (8). Tighten nut and lockwasher assemblies (8) to 16-30 lb-in. (2-3 Nem). 


Connect lead 92C (2) to blackout drive light (1). 

Place coned mounting washer (3) and blackout drive light (1) through hole in swivel bracket (11). 
Connect lead 198 (4) to blackout drive light (1). 

Install blackout drive light (1) on hood (9) with special washer (7), lockwasher (6), and nut (5). 


ar ON 
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4-51. BLACKOUT DRIVE LIGHT ASSEMBLY REPLACEMENT (Cont'd) 


FOLLOW-ON TASKS: ¢ Connect battery ground cables (para. 4-68) 
e Lower and secure hood. 
e Check blackout drive li 
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4-52. BLACKOUT DRIVE LIGHT LAMP REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: Battery ground cables disconnected (para. 4-68). 


automotive (Appendix B, Item 1) . 
Maintenance Level 
Materials/Parts Unit 
Gasket (Appendix G, Item 62) 
Adhesive (Appendix C, Item 12) 


Manual References 


'TM 9-2320-387-1C 
'TM 9-2320-387-24P 


a. Removal 


1. Loosen three retaining screws (2) on light door (6) and remove light door (6) and gasket (3) from 
light body (5). Discard gasket (3). 


2. Remove lamp (4) from light body (5). 
3. Clean adhesive from mating surfaces of light door (6) and light body (5). 


b. Installation 


1. Install lamp (4) on light body (5). 
2. Install gasket (3) and light door (6) on light body (5) with lens hood (1) at top. 


NOTE 


To prevent moisture from entering light assembly, tighten all 
screws evenly. 


3. Secure light door (6) by tightening three screws (2). 
4. Apply thin coat of adhesive to seam between light body (5) and light door (6). 
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4-52. BLACKOUT DRIVE LIGHT LAMP REPLACEMENT (Cont'd) 


FOLLOW-ON TASKS: ¢ Connect battery ground cables (para. 4-68). 
° Check blackout drive light for proper operation|(TM _9-2320-387-10), 
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4-53. FRONT COMPOSITE LIGHT ASSEMBLY REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: ¢ Battery ground cables disconnected (para. 4-68). 
automotive (Appendix B, Item 1) e Hood raised and secured (TM 9-2320-387-10). 
Materials/Parts Maintenance Level 
Two lockwashers (Appendix G, Item 207) Unit 


Manual References 


‘eke s 
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NOTE 


¢ Replacement procedures for right and left front composite light 
assemblies are basically the same, except left side has four screws 
securing closeoff cover and right side has three screws. This 
procedure covers the left front composite light. 


¢ Prior to removal, tag leads for installation. 


a. Removal 


1. Remove four screws (1), washers (2), and closeoff cover (3) from hood (4). 

2. Disconnect leads 20 (5), 461 (12), and 491 (11) from hood wiring harness (6). 

3. Remove two capscrews (9), lockwashers (8), ground 92 (7), buss bar (10), and composite light (13) 
from hood (4). Discard lockwashers (8). 


b. Installation 


1. Install composite light (13), buss bar (10), and ground 92 (7) on hood (4) with two lockwashers (8) 
and capscrews (9). 


2. Connect leads 20 (5), 461 (12), and 491 (11) to hood wiring harness (6). 
3. Install closeoff cover (3) on hood (4) with four washers (2) and screws (1). 
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4-53. FRONT COMPOSITE LIGHT ASSEMBLY REPLACEMENT (Cont'd) 


FOLLOW-ON TASKS: ® Connect battery ground cables|(para. 4-68). 
(TM 9-2320-387-10). 
e Check front composite light for proper operation (TM 9-2320-387-10). 
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4-54. FRONT COMPOSITE LIGHT LAMP REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: 'TM 9-2320-387-10 
automotive (Appendix B, Item 1) (TM 9-2320-387-24P 
Materials/Parts Equipment Condition 
Packing (Appendix G, Item 295) Battery ground cables disconnected (para. 4-68). 


Adhesive (Appendix C, Item 12) Waintenance Level 


Unit 


a. Removal 


1. Loosen five retaining screws (1) and remove light door (2) and packing (4) from light body (5). 
Discard packing (4). 


2. Remove lamps (3), (6), and (7) from light body (5). 
3. Clean adhesive from mating surfaces of light door (2) and light body (5). 


b. Installation 


1. Install lamps (3), (6), and (7) on light body (5). 
NOTE 
To prevent moisture from entering light assembly, tighten all screws evenly. 
2. Install packing (4) and light door (2) on light body (5) with five retaining screws (1). 
3. Apply thin coat of adhesive to seam between light body (5) and light door (2). 


FOLLOW-ON TASKS: ¢ Connect battery ground cables (para. 4-68). 
¢ Check front composite light for proper operation (TM 9-2320-387-10). 
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4-55. REAR COMPOSITE LIGHT LAMP REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: 9-2320-387-10 
automotive (Appendix B, Item 1) 
Materials/Parts Equipment Condition 
Packing (Appendix G, Item 296) Battery ground cables disconnected (para. 4-68). 
Adhesive (Appendix C, Item 12) Maintenance Level 
Unit 


1. Loosen six retaining screws (4) and remove composite light door (5) and packing (6) from composite 
light (1). Discard packing (6). 


2. Remove lamps (2), (3), (7), and (8) from composite light (1). 
3. Clean adhesive from mating surfaces of light door (5) and composite light (1). 


b. Installation 


1. Install lamps (2), (3), (7), and (8) on composite light (1). 
NOTE 
To prevent moisture from entering light assembly, tighten all screws evenly. 
2. Install packing (6) and composite light door (5) on composite light (1) and tighten six screws (4). 
3. Apply a thin coat of adhesive to seam between composite light (1) and composite light door (5). 


FOLLOW-ON TASKS: ¢ Connect battery ground cables|(para. 4-68). 
¢ Check rear composite light for proper operation (TM 9-2320-387-10).. 
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4-56. SIDE MARKER LIGHT ASSEMBLY REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 

Tools Equipment Condition 

General mechanic’s tool kit: ¢ Battery ground cables disconnected|(para. 4-68). 

automotive (Appendix B, Item 1) ¢ Hood raised and secured (front side marker only) 
(TM 9 0-387-10). 

Materials/Parts 

Four locknuts (Appendix G, Item 111) Maintenance Level 

Unit 
Manual References 
vl 9 0-38 
NOTE 


Replacement procedures for front and rear side marker light 


assemblies are basically the same. This procedure covers the left 
front side marker. 


a. Removal 


1. Remove four screws (1), washers (2), and closeoff cover (3) from hood (4). 

2. Disconnect lead 489 (15) from hood wiring harness (14). 

3. Remove two screws (13), lens (11), and door (12) from side marker light (9). 
4 


Remove four locknuts (5), washers (6), ground lead 92 (7), screws (10), side marker light (9), and 
gasket (8) from hood (4). Discard locknuts (5). 


b. Installation 


1. Install gasket (8), side marker light (9), and ground lead 92 (7) on hood (4) with four screws (10), 
washers (6), and locknuts (5), ensuring ground lead 92 (7) is under washer (6). 


2. Install lens (11) and door (12) on side marker light.(9) with two screws (13). 
3. Connect lead 489 (15) to hood wiring harness (14). 


4. Install closeoff cover (3) on hood (4) with four washers (2) and screws (1). 
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4-56. SIDE MARKER LIGHT ASSEMBLY REPLACEMENT (Cont'd) 


FOLLOW-ON TASKS: ¢ Connect battery ground cables 


¢ Lower and secure hood (front side marker 0 : 
e Check side marker light for proper operation ; 
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4-57. REAR COMPOSITE LIGHT ASSEMBLY REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: Battery ground cables disconnected[(para. 4-68). 


automotive (Appendix B, Item 1) : 
. Maintenance Level 


Materials/Parts Unit 


Four lockwashers (Appendix G, Item 208) 


Manual References 


TM _9-2320-387-10 
UTM 9-2320-387-24F 


NOTE 
Prior to removal, tag leads for installation. 


a. Removal 


1. 


om 


3. 
4. 
5. 


Remove two capscrews (3), lockwashers (4), ground lead 95B (5), and ground strap (6) from 
housing (17). Discard lockwashers (4). 


Remove two capscrews (15) and lockwashers (16) and pull shield (1) away from D-beam (14). Discard 
lockwashers (16). 


Remove nut (12), screw (2), and clamp (11) from shield (1). 
Disconnect leads 21 (7), 23 (8), 24 (9), and 22-461 (10) from body harness (13). 
Remove composite light (18) from housing (17). 


b. Installation 


ee 


Install composite light (18) on housing (17). 

Connect leads 21 (7), 23 (8), 24 (9), and 22-461 (10) to body harness (13). 
Install clamp (11) on shield (1) with screw (2) and nut (12). 

Install shield (1) on D-beam (14) with two lockwashers (16) and capscrews (15). 


Install ground strap (6) and ground lead 95B (5) on housing (17) with two lockwashers (4) and 
capscrews (3). 
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4-57. REAR COMPOSITE LIGHT ASSEMBLY REPLACEMENT (Cont'd) 


FOLLOW-ON TASKS: ¢ Connect battery ground cables|(para. 4-68). 
° Check rear composite light for proper operation|(TM 9-2320-387-10). 
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4-58. MAIN LIGHT SWITCH REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: M9 0-387-1C 
automotive (Appendix B, Item 1) M 3 0-387-24F 
Materials/Parts Equipment Condition . 
Lockwasher (Appendix G, Item 205) Battery ground cables disconnected|(para. 4-68). 
Maintenance Level 
Unit 


a. Removal 


1. Disconnect cannon plug (1) from main light switch (8). 


2. Remove screw (6), lockwasher (5), single-position lever (4), and washer (7) from lever shaft (9) on 
switch (8). Discard lockwasher (5). 


NOTE 
Lower right lever must be raised to remove screw. 


3. Remove four screws (3) from instrument panel (2) and switch (8). 
4. Remove switch (8) from behind instrument panel (2). 


b. Installation 


NOTE 
Lower right lever must be raised to install screw. 
1. With lever shaft (9) at top of switch (8), install switch (8) on instrument panel (2) with four screws (3). 
2. Install washer (7) and single position lever (4) on lever shaft (9) with lockwasher (5) and screw (6). 
3. Connect cannon plug (1) to rear of switch (8). 


A\ IY 
.@ 


C7 
ee 


FOLLOW-ON TASKS: ¢ Connect battery ground cables 
¢ Check main light switch for proper operation (TM 9-2320-387-10). 
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4-59. HEADLIGHT BEAM SELECTOR SWITCH AND BRACKET REPLACEMENT 


This task covers: 
a. Removal b. Installation 


INITIAL SETUP: 


Tools 
General mechanic’s tool kit: 


automotive (Appendix B, Item 1) 
Riveter tool kit (Appendix B, Item 123) 


Equipment Condition 


Materials/Parts Battery ground cables disconnected (para. 4-68). 
Three lockwashers (Appendix G, Item 209) Maintenance Level 
Four rivets (Appendix G, Item 330) Unit 


a. Removal 


NOTE 
¢ Prior to removal, tag leads for installation. 


e Pull back floor insulation for access to beam selector switch and 
bracket. 


1. Remove three screws (7), lockwashers (6), switch (3), and shield (5) from bracket (4). Discard 
lockwashers (6). 


2. Disconnect leads 16A (2), 17A (1), and 18A (10) from switch (3). 
3. Remove four rivets (8) and bracket (4) from floor (9). 


b. Installation 


1. Install bracket (4) on floor (9) with four rivets (8). 
2. Connect leads 16A (2), 17A (1), and 18A (10) to switch (3). 
3. Install switch (3) and shield (5) on bracket (4) with three lockwashers (6) and screws (7). 


ath 


FOLLOW-ON TASKS: ¢ Connect battery ground cables [(para. 4-68). 
e Check headlight beam selection switch for proper operation (TM 9-2320-387-10). 
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4-60. STOPLIGHT/TORQUE CONVERTER CLUTCH BRAKE SWITCH MAINTENANCE 


This task covers: 


a. Removal c. Adjustment 
b. Installation 


INITIAL SETUP: 
Tools Materials/Parts 
General mechanic's tool kit: Two locknuts (Appendix G, Item 109) 
automotive (Appendix B, Item 1) Two pushnuts (Appendix G, Item 313) 
Test Equipment Equipment Condition 
Multimeter (Appendix B, Item 155) Battery ground cables disconnected|(para. 4-68). 
Manual References Maintenance Level 
Unit 


NOTE 
Prior to removal, tag leads for installation. 


a. Removal 


1. Disconnect leads 75A (1), 75B (16), and connector 810A/810B (15) from switch leads (2). 


2. Remove two locknuts (6), washers (4), capscrews (5), washers (4), and switch (3) from mounting 
bracket (7). Discard locknuts (6). 


3. Remove pushnut (14), stoplight switch arm (13), and washer (12) from actuating rod (11). Discard 
pushnut (14). 


4. Remove pushnut (9), actuating rod (11), and washer (10) from brake pedal (8). Discard pushnut (9). 


b. Installation 


1. Install washer (10) and actuating rod (11) on bracket (8) with pushnut (9). 
2. Install washer (12) and stoplight switch arm (13) on actuating rod (11) with pushnut (14). 


3. Install switch (3) on mounting bracket (7) with two washers (4), capscrews (5), washers (4), and 
locknuts (6). 


4. Connect leads 75A (1), 75B (16), and connector 810A/810B (15) to switch leads (2). 


c. Adjustment 


1. Disconnect leads 75A (1), 75B (16), and connector 810A/810B (15) from switch leads (2) and connect 
multimeter to leads on switch (3) to check continuity. Multimeter should indicate open. Depress 
brake pedal; multimeter should indicate continuity within approximately 1/4 in. (6 mm) of pedal 
travel. If not, go to step 2. 


2. Loosen two capscrews (5) to allow movement of switch (3). 


3. Position switch (3) so that continuity is present when installed. Slide switch forward until no 
continuity (open) is indicated (approximately 1/4 in. (6 mm)). 


Tighten two capscrews (5). 
Connect leads 75A (1), 75B (16), and connector 810A/810B (15) to switch leads (2). 
Connect battery ground cables (para. 4-68). 


Turn selector lever to service drive; stoplights should not illuminate. Depress brake pedal; 
stoplights should illuminate within 1/4 in. (6 mm) of pedal travel. 


—_— 
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4-60. STOPLIGHT/TORQUE CONVERTER CLUTCH BRAKE SWITCH MAINTENANCE (Cont'd) 
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4-61. DIRECTIONAL SIGNAL FLASHER REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: MY 0-387-10 
automotive (Appendix B, Item 1) M9 0-387-24F 
Materials/Parts Equipment Condition | 
Sealing compound (Appendix C, Item 64) Battery ground cables disconnected|(para. 4-68). 
Maintenance Level 
Unit 
NOTE 


The flasher is located under the instrument panel to the left of the steering column. 


a. Removal 


1. Disconnect cannon plug (8) from main light switch (7). 
2. Disconnect connector plug (6) from flasher (5). 
3. Remove two nuts (4), washers (3), screws (1), and flasher (5) from cowl (2). 


b. Installation 


1. Install flasher (5) on cow] (2) with two screws (1), washers (3), and nuts (4). 
2. Apply sealing compound to threads of connector plug (6) and connect connector plug (6) to flasher (5). 
3. Connect cannon plug (8) to main light switch (7). 


FOLLOW-ON TASKS: * Connect battery ground cables[(para. 4-68). 
¢ Check directional signa) flasher for proper operation (TM 9-2320-387-10). 
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4-62. DIRECTIONAL SIGNAL CONTROL INDICATOR LAMP REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: Battery ground cables disconnected (para. 4-68). 


automotive (Appendix B, Item 1) . 
Maintenance Level 
Manual References 


ee Unit 


a. Removal 


1. Push lever (1) to four-way flasher position (TM 9-2320-387-10). 
2. Remove light lens (3) from directional control unit (4). 
3. Remove lamp (2) from directional control unit (4). 


b. Installation 


1. Install lamp (2) in directional control unit (4). 
2. Install light lens (3) in directional control unit (4). 


FOLLOW-ON TASKS: © Connect battery ground cablesl(para_4-68) 


. 


¢ Check directiona!} signal control lamp for proper operation (TM 9-2320-387-10), 
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4-63. DIRECTIONAL SIGNAL CONTROL REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic's tool kit: Battery ground cables disconnected (para. 4-68). 
automotive (Appendix B, Item 1) . 
: Maintenance Level 
Manual References Unit 
'TM 9-2320-387-10 
TM 9-2320-387-24P 


a. Removal 


Loosen connector nut (6) and remove connector plug (7) from directional signal control (4). 
2. Remove four screws (2) and directional signal control (4) from bracket (1). 


1. 
b. Installation 
1, 


Place lever (5) to HAZARD position. 
Install directional signal control (4) on bracket (1) with four screws (2). Do not tighten screws (2). 


2 
3. Rotate steering wheel, ensuring gauge post (3) mates with directional signal control (4), and 
tighten screws (2) to 22-26 (30-35 N-m). 


4. Install connector plug (7) on directional signal control (4) and tighten connector nut (6). 


FOLLOW-ON TASKS: « Connect battery ground cables((para. 4-68). 
¢ Check directional signal control for proper operation (TM 9-2320-387-10). 
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4-64. DIRECTIONAL SIGNAL CONTROL CANCELLING RING REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools General Safety Instructions 
General mechanic’s tool kit: Failure to position cancelling pin in proper position 
automotive (Appendix B, Item 1) may cause injury to personnel or damage to 
equipment. 
Manual References 
(TM 9-2320-387-10 Maintenance Level 
TM _9-2320-387-24P Unit 


a. Removal 


Remove three screws (5) and cancelling ring (4) from steering wheel (6). 


b. Installation 


WARNING 


Cancelling pin must be positioned 90° + 5°. Ensure front wheels of 
vehicle point straight ahead. Failure to position pin properly could 
cause loss of steering, causing injury to personnel or damage to 
equipment. 


1. Install cancelling ring (4) on steering wheel (6) with pin (2) 90° + 5° from directional signal control (1). 
2. Rotate steering wheel (6), ensuring pin (2) mates with directional signal control (1) and secure 
cancelling ring (4) on steering wheel (6) with three screws (5). 
NOTE 


Gauge posts found on a new cancelling ring are there to ensure 
proper installation only. Gauge posts must be removed after 
installation of cancelling ring to permit proper operation of 
directional signal control. 


3. Cut gauge posts (3) off within 1/4 in. (6 mm) of base. 


FOLLOW-ON TASK: Check directional signal control for proper operation (TM 9-2320-987-10), 
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4-65. SERVICE HEADLIGHT AND BLACKOUT DRIVE LIGHT ELECTRICAL 
CONNECTOR AND GROMMET REPLACEMENT 


This task covers: 

a. Removal b. Installation 
INITIAL SETUP: 

Tools Equipment Condition 

General mechanic's tool kit: Service headlight lamp removed|(para. 4-49). 
automotive (Appendix B, Item 1) Maintenance Level 
Manual References Unit 
TM 9-2320-387-24F 
NOTE 


Replacement procedures for connector and grommet from service 
headlight and blackout drive light are basically the same. The 
following procedure covers the service headlight. 


a. Removal 


Remove connector (3) from grommet (1) and remove grommet (1) from headlight housing (2). 


b. Installation 


Install grommet (1) on headlight housing (2) and install connector (3) on grommet (1). 


FOLLOW-ON TASK: Install service headlight lamp (para. 4-49). 
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Section VI. BATTERY SYSTEM MAINTENANCE 


4-66. BATTERY SYSTEM MAINTENANCE TASK SUMMARY 


TASK 
PARA. 


4-67. 


SEE EEEEREELLE 


PROCEDURES 


Battery Cable Terminal Clamp Replacement 


Battery Cable Maintenance 

Power Feed-Through Stud Replacement 
12-Volt Regulator Cable Replacement 
Buss Bar Replacement 

Starter Power Cables Replacement 
Battery Holddown Replacement 

Battery Replacement and Servicing 
Battery Tray Maintenance 

Slave Receptacle and Cable Maintenance 
Winch Power Cable Replacement 

Shunt Replacement 

Hood Jumper Wiring Harness Replacement 
Wiring Harness Connector Repair 


TM 9-2320-387-24-1 
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4-67. BATTERY CABLE TERMINAL CLAMP REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools General Safety Instructions 
General mechanic’s tool kit: e Wear safety goggles and rubber gloves and do not 
automotive (Appendix B, Item 1) smoke when performing battery maintenance. 
Materials/Parts e Remove all jewelry. 


Lubricating oil (Appendix C, Item 46) 
Manual References 


e When removing battery cable clamps, disconnect 
ground cables first. 


Maintenance Level 


TM 9-2320-387-24F Unit 
Equipment Condition 


Battery box cover removed (para. 10-43). 


WARNING 


¢ Battery acid (electrolyte) is extremely harmful. Always wear safety 
goggles and rubber gloves, and do not smoke when performing battery 
maintenance. Severe injury will result if acid contacts eyes or skin. 


e Remove all jewelry such as rings, dog tags, bracelets, etc. If jewelry or 
disconnected battery ground cable contact battery terminal, a direct short 
can result, causing instant heating of tools, severe injury to personnel, or 
damage to equipment. 


e When removing battery cable clamps, disconnect both ground cables first. 
Do not allow tools to come in contact with vehicle when disconnecting 
cable clamps. A direct short can result, causing instant heating of tools, 
tool damage, battery damage, or battery explosion. 


NOTE 


The replacement procedure for all four battery cable terminal clamps is 
basically the same. This procedure covers one battery cable terminal clamp. 


a. Removal 


[_# Removal_] 


ere Py 


Remove cap (4) from battery terminal boot (8). 

Clean lubricating oil from battery terminal boot (8). 

Loosen screw (6) and nut (7) and remove terminal clamp (3) from terminal post (9). 
Remove screw (2) and nut (5) from cable (1) and terminal clamp (3). 

Remove cable (1) from terminal clamp (3) and battery terminal boot (8). 

Remove terminal clamp (3) from battery terminal boot (8). 


b. Installation 


1. 


to 


Dor ow 
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Push battery terminal boot (8) onto cable (1). 


Place terminal clamp (3) into battery terminal boot (8) and install cable (1) on terminal clamp (3) 
with screw (2) and nut (5). 


Apply lubricating oil to battery post pad (10). Do not allow lubricating oil to coat terminal post (9). 
Secure terminal clamp (3) to terminal post (9) by tightening screw (6) and nut (7). 

Apply lubricating oil to terminal clamp (3). 

Install cap (4) on battery terminal boot (8). 
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4-67, BATTERY CABLE TERMINAL CLAMP REPLACEMENT (Cont'd) 


FOLLOW-ON TASK: Install battery box cover (para. 10-483). 
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4-68. BATTERY CABLE MAINTENANCE 


This task covers: 


a. Cleaning and Inspection f. Interconnecting Cable Removal 
b. Ground Cables Disconnection g. Interconnecting Cable Installation 
c. Ground Cables Reconnection h. Positive Cable Removal 
d. Ground Cable Removal i. Positive Cable Installation 
e. Ground Cable Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic's tool kit: Battery box cover removed (para. 10-43). 


automotive (Appendix B, Item 1) 
General Safety Instructions 


Materials/Parts ¢ Wear safety goggles and rubber gloves and do not 
Two lockwashers (Appendix G, Item 212) smoke when performing battery maintenance. 
Sodium bicarbonate (Appendix C, Item 76) ¢ Remove all jewelry. 

Lubricating oil (Appendix C, Item 46) ¢ When removing battery cables, disconnect 
Sealing compound (Appendix C, Item 64) ground cables first. Ensure all switches are in 


OFF position before disconnecting. 
Manual References 


TM 9-2320-387-24P Maintenance Level 
Unit 
WARNING 


e Battery acid (electrolyte) is extremely harmful. Always wear safety 
goggles and rubber gloves, and do not smoke when performing battery 
maintenance. Severe injury will result if acid contacts eyes or skin. 

e Remove all jewelry such as rings, dog tags, bracelets, etc. If jewelry or 
disconnected battery ground cable contact battery terminal, a direct 
short can result, causing instant heating of tools, severe injury to 
personnel, or damage to equipment. 

e When removing battery cable clamps, disconnect both ground cables 
first. Ensure all switches are in OFF position before disconnecting. Do 
not allow tools to come in contact with vehicle when disconnecting 
cable clamps. A direct short can result, causing instant heating of 
tools, severe injury to personnel or damage to equipment. 

NOTE 


¢ |f performing transmission diagnostics, record fault codes stored in 
TCM before disconnecting battery cables. 


¢ When battery cables are disconnected, all stored fault codes in TCM 
will be lost. 


¢ Secure all cables to head side of mounting capscrews. 
e Use this procedure for disconnecting all battery cables. 


a. Cleaning and Inspection 


l. Inspect cables (1), (2), and (11) for corrosion and cracks. 


2. Remove defective cables (1), (2), and (11), or clean with wire brush and sodium bicarbonate 
solution. 
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4-68. BATTERY CABLE MAINTENANCE (Cont'd) 


J. Remove nut (12), screw (14), and cable (1) from terminal clamp (13). 

2. Remove cap (5) from battery terminal boot (8). 

3. Clean lubricating oil from battery terminal boot (8). 

4. Loosen nut (7) and remove terminal clamp (4) from terminal (9). 

5. Remove nut (3) and screw (6) from cable (2) and terminal clamp (4). 

6. Remove cable (2) from terminal clamp (4) and battery terminal boot (8). 


c. Ground Cables Reconnection 


1. ae battery terminal boot (8) onto cable (2) and secure cable (2) to terminal clamp (4) with screw (6) 
and nut (3). 


2. Apply a 1/16-in. (1.6-mm) bead of lubricating oil to battery post pad (10). Do not allow oil to coat 
terminal post (9). 


Install terminal clamp (4) on terminal (9) and tighten nut (7). 

Fill battery terminal boot (8) with lubricating oil. 

Install cap (5) on battery terminal boot (8). 

Install cable (1) on terminal clamp (13) with screw (14) and nut (12). 


a i aed 
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4-68 . BATTERY CABLE MAINTENANCE (Cont'd) 


Remove screw (2), lockwasher (6), ground cable (5), and slave cable (4) from shunt (1) and battery 
box (3). Discard lockwasher (6). 


e. Ground Cable Installation 


Install slave cable (4) and ground cable (5) on shunt (1) and battery box (3) with lockwasher (6) and screw (2). 
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4-68. BATTERY CABLE MAINTENANCE (Cont'd) 


f. Interconnecting Cable Removal 


a oe 


Remove caps (10) and (17) from battery terminal boots (20). 

Clean lubricating oil from battery terminal boots (20). 

Loosen nut (19) and remove terminal clamp (16) from battery post (21). 

Remove nut (15), cable (14), and screw (18) from terminal clamp (16). 

Remove battery terminal boot (20) from terminal clamp (16). 

Loosen nut (27) and remove terminal clamp (13) from battery post (25). 

Remove nut (11) and clamp (12) from holddown rod (23). 

Remove nut (26), screw (8), cable (14), lead (9), and cable (7) from terminal clamp (13). 


g. Interconnecting Cable Installation 


1. 


2. 
3. 


4. 


Push battery terminal boot (20) onto cable (14) and install cable (14) on terminal clamp (16) with 
screw (18) and nut (15). 


Install clamp (12) on holddown rod (23) with nut (11). 


Apply a 1/16-in. (1.6-mm) bead of lubricating oil to battery post pads (22) and (24). Do not allow oil 
to coat terminal posts (21) and (25). 


Install battery terminal clamp (16) on battery post (21) and tighten nut (19). 


Push terminal boot (20) onto cable (7) and install cable (7), lead (9), and cable (14) on battery 
terminal clamp (13) with screw (8) and nut (26). 


Install battery terminal clamp (13) on battery post (25) and tighten nut (27). 
Fill battery terminal boots (20) with lubricating oil. 
Install caps (10) and (17) on battery terminal boots (20). 
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4-68. BATTERY CABLE MAINTENANCE (Cont'd) 


h. Positive Cable Removal 


on 2 


6. 


Disconnect ground cable (task b.). 

Remove cap (8) from battery terminal boot (11). 

Clean lubricating oil from battery terminal boot (11). 

Loosen nut (10) and remove terminal clamp (7) from terminal post (12). 


Remove screw (6), nut (9), and positive cable (2) from terminal clamp (7) and battery terminal boot 
(ll). 


Remove nut (5), lockwasher (4), washer (3), and battery positive cable (2) from buss bar (1). Discard 


i. Positive Cable Installation 


AG 
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Install battery positive cable (2) on buss bar (1) with washer (3), lockwasher (4), and nut (5). Apply 
silicone compound on cable (2), coating all exposed metallic surfaces. 


Push battery terminal boot (11) onto positive cable (2) and install cable (2) on terminal clamp (7) with 
screw (6) and nut (9). 


Apply a 1/16-in. (1.6-mm) bead of lubricating oil to battery post pad (13). Do not allow oil to coat 
terminal post (12). 


Install terminal clamp (7) on terminal post (12) and tighten nut (10). 
Fill battery terminal boot (11) with lubricating oil. 

Install cap (8) on terminal boot (11). 

Connect battery ground cable (task c.). 
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4-68. BATTERY CABLE MAINTENANCE (Cont'd) 


FOLLOW-ON TASK: Install battery box cover (para. 10-43). 
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4-69. POWER FEED-THROUGH STUD REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: TM 9-2320-387-24P 
automotive (Appendix B, Item 1) . - 
Maintenance and repair shop equipment: Equipment Condition 
automotive (Appendix B, Item 2) Buss bar removed (para. 4-71). 
Materials/Parts Maintenance Level 
Lockwasher (Appendix G, Item 212) Unit 


Sealing compound (Appendix C, Item 64) 


1. Slide rubber boot (5) from power feed-through stud (9) and remove nut (1), lockwasher (2), washer (3), 
lead 6B/6C (4), and starter cable (6) from feed-through stud (9). Discard lockwasher (2). 


2. Remove nut (7) and feed-through stud (9) from battery box (8). 


b. Installation 


1. Install power feed-through stud (9) on battery box (8) with nut (7). 


2. Install starter cable (6) and lead 6B/6C (4) on feed-through stud (9) with washer (3), lockwasher (2), 
and nut (1). Tighten nut (1) to 18-22 lb-ft (24-30 N-m). 


3. Apply sealing compound to feed-through stud (9), starter cable (6), and lead 6B/6C (4), coating all © 
exposed metallic surfaces. 


4. Slide rubber boot (5) over feed-through stud (9). 
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4-69. POWER FEED-THROUGH STUD REPLACEMENT (Cont'd) 


FOLLOW-ON TASK: Install buss bar (para. 4-71). 
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4-70. 12-VOLT REGULATOR CABLE REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: TM 9-2320-387-10 
automotive (Appendix B, Item 1) TM 9-2320-387-24P 
Maintenance and repair shop equipment: . a 
automotive (Appendix B, Item 2) Equipment Condition 
. ¢ Battery ground cables cconnects (para. 4-68). 
Materials/Parts ¢ Hood raised and secured 87-10). 
Four tiedown straps (Appendix G, Item 463) e Engine access cover ahs (para. 10-22). 
Two lockwashers (Appendix G, Item 205) . 
Lubricating oil (Appendix C, Item 46) Maintenance Level 
Unit 
NOTE 


Prior to removal, tag leads for installation. 


a. Removal 


1. Slide back rubber boot (3) and remove nut (1), washer (2), and cable (4) from regulator (5). 

2. Remove four tiedown straps (10) from cable (4). Discard tiedown straps (10). 

8. Remove nut (7), lockwasher (8), clamp (9), and cable (4) from stud (6). Discard lockwasher (8). 
4 


Remove nut (16), lockwasher (15), screw (11), washer (12), clamp (13), and cable (4) from bracket (14). 
Discard lockwasher (15). 


5. Remove cap (23) from battery terminal boot (22). 
6. Clean lubricating oil from battery terminal boot (22). 


7. Remove nut (20), screw (17), cable (4), lead (18), and cable (19) from terminal clamp (21). Remove 
cable (4) from battery box (24). 
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4-70. 12-VOLT REGULATOR CABLE REPLACEMENT (Cont'd) 
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4-70. 12-VOLT REGULATOR CABLE REPLACEMENT (Cont'd) 


1. Position cable (4) in approximate mounting location on stud (6) and through hole in battery box (24). 
2. Install cable (19), lead (18), and cable (4) on terminal clamp (21) with screw (17) and nut (20). 

3. Fill battery terminal boot (22) with lubricating oil. 

4. Install cap (23) on terminal boot (22). 

5. 


Install cable (4) and clamp (13) on bracket (14) with washer (12), screw (11), lockwasher (16), and 
nut (15). 


6. Install clamp (9) and cable (4) on stud (6) with lockwasher (8) and nut (7). 


7. Install cable (4) on regulator (5) with washer (2) and nut (1). Tighten nut (1) to 18-22 lb-in. 
(2.0-2.5 Nem). Slide rubber boot (3) over nut (1). 


8. Install four tiedown straps (10) on cable (4). 


—= 
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FOLLOW-ON TASKS: e Lower and secure hood 


(TM 9-2320-387-10). 
¢ Connect battery ground cables|(para. 4-68). 
¢ Install engine access cover (para. 10-22). 
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4-71. BUSS BAR REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: Mf 9-2320-387-24F 


automotive (Appendix B, Item 1) 


Equipment Condition 
Materials/Parts 


Batteries removed (para. 4-74). 
Seven lockwashers (Appendix G, Item 212) 
Sealing compound (Appendix C, Item 64) Maintenance Level 

Unit 


a. Removal 


1. Remove five nuts (9), lockwashers (8), washers (7), engine harness cable (6), alternator 
cable (11), battery cable (10), umbilical power cable (12), and slave receptacle cable (13) from buss 
bar (2). Discard lockwashers (8). 


2. Remove nut (5), lockwasher (4), washer (3), capscrew (14), washer (16), lockwasher (15), and buss 
bar (2) from power feed-through stud (1) and battery box (17). Discard lockwashers (4) and (15). 


b. Installation 


1. Install buss bar (2) on battery box (17) and power feed-through stud (1) with lockwasher (15), 
washer (16), capscrew (14), washer (3), lockwasher (4), and nut (5). 


2. Install engine harness cable (6), alternator cabie (11), battery cable (10), umbilical power cable (12), 
and slave receptacle cable (13) on buss bar (2) with five washers (7), lockwashers (8), and nuts (9). 


3. Apply sealing compound to buss bar (2), coating all exposed metallic surfaces. 


FOLLOW-ON TASK: Install batteries|(para. 4-74). 
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4-72. STARTER POWER CABLES REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: (TM 9-2320-387-24P 


automotive (Appendix B, Item 1) 


: : ; Equipment Condition 
Maintenance and repair shop equipment: 


automotive (Appendix B, Item 2) Battery ground cables disconnected[(para. 4-68). 
; Maintenance Level 
Materials/Parts “Unt t 


Six lockwashers (Appendix G, Item 212) 
Tiedown strap (Appendix G, Item 460) 
Adhesive sealant (Appendix C, Item 12) 


NOTE 
Prior to removal, tag all leads for installation. 


a. Removal 


1. Slide back rubber boot (1) on starter cable 6A (3) and remove nut (8), lockwasher (9), washer (10), 
lead 6B/6C (11), and starter cable (3) from power stud (2). Discard lockwasher (9). 


2. Remove nut (7), lockwasher (6), and ground cable (5) from ground stud (4). Discard lockwasher (6). 


3. Remove nut (16), lockwasher (15), washer (14), and engine harness cable (12) from buss bar (13). 
Discard lockwasher (15). 


4. Remove screw (28), two clamps (30), starter cable (3), and ground cable (5) from starter (22) and 
remove clamps (30) from cables (3) and (5). 


NOTE 
Perform steps 5 and 6 for M1113 winch equipped vehicles only. 


5. Remove nut (31), lockwasher (32), lead 7W (33) (winch vehicles only), STE/ICE-R lead 3D (34), and 
lead 7A (35) from negative post (41) on starter (22). Discard lockwasher (32). 


6. Remove nut (26), lockwasher (25), starter cable (3), positive accessory cable 6W (24), and STE/ICE-R 
lead 81B (42) from positive post (23). Discard lockwasher (25). 


7. Remove screw (36), clip (37), and leads 74A (38) and 74B (39) from solenoid (40). 
8. Remove nut (19), cable (17), and clamp (18) from screw (20). 
9. Remove tiedown straps (21) as required. Discard tiedown straps (21). 
10. Remove cable (3), ground cable (5), STE/ICE-R harness (27), and coil (29) from vehicle. 
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4-72. STARTER POWER CABLES REPLACEMENT (Cont'd) 
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4-72. STARTER POWER CABLES REPLACEMENT (Cont'd) 


1. Install coil (15) on starter cable (10) and ground cable (19). Route STE/ICE-R harness (13) through 
coil (15), and place cables (10) and (19) and STE/ICE-R harness (13) in approximate mounting locations. 


2. Install engine harness cable (29), washer (31), and lockwasher (32) on buss bar (30) with nut (33). 


3. Install starter cable (10) and lead 6B/6C (42) on power stud (35) with washer (41), lockwasher (40), 
and nut (39). Tighten nut (39) to 26 lb-ft (85 N-m). Slide rubber boot (34) over power stud (35). 


4. Install ground cable (19) on ground stud (36) with lockwasher (37) and nut (38). Tighten nut (38) to 
75 lb-ft (102 N-m). 


NOTE 
Perform step 5 on M1113 winch equipped vehicles only. 


5. Install STE/ICE-R lead 81B (8), positive accessory cable 6W (9), and starter cable (10) on positive 
post (7) with lockwasher (11) and nut (12). Tighten nut (12) to 25-30 lb-ft (34-41 Nem). 


6. Apply sealant to positive post (7) and cable terminals, coating exposed metallic surfaces. The sealant 
should be evenly applied with a minimum thickness of 0.12 in. (3 mm). 


NOTE 
Perform step 7 on M1113 vehicles only. 


7. Install lead 7W (20) (winch vehicles only), lead (22), and STE/ICE-R 3C lead (21) on negative post (24) 
with lockwasher (18) and nut (17). Tighten nut (17) to 15-20 lb-ft (20-27 N-m). 


8. Install leads 74A (27) and 74B (26) on solenoid (28) with clip (25) and screw (23). 


9. Install two clamps (16) on starter cable (10) and ground cable (19) and secure to starter (6) with 
screw (14). 


10. Install cable (1) and clamp (2) on screw (4) with nut (3). 
11. Install tiedown straps (5) as required. 
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4-72. STARTER POWER CABLES REPLACEMENT (Cont'd) 
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FOLLOW-ON TASK: Connect battery ground cables (para. 4-68). 
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4-73. BATTERY HOLDDOWN REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 


Tools 


General mechanic’s tool kit: 
automotive (Appendix B, Item 1) 


General Safety Instructions 

e Wear safety goggles and rubber gloves, and do not 

smoke when performing battery maintenance. 
Manual References * Remove all jewelry. 
0-337-24F Maintenance Level 

Equipment Condition Unit 

e Battery box cover removed (para. 10-43). 

¢ Battery ground cables removed|(para. 4-68). 

e Battery interconnecting cable removed 

i 4-638). 


¢ Battery positive cable removed|(para. 4-68). 


WARNING 


¢ Battery acid (electrolyte) is extremely harmful. Always wear 
safety goggles and rubber gloves, and do not smoke when 
performing battery maintenance. Severe injury will result if 
acid contacts eyes or skin. 


¢ Remove all jewelry such as rings, dog tags, bracelets, etc. If 
jewelry or disconnected battery ground cable contact battery 
terminal, a direct short can result, causing instant heating of 
tools, severe injury to personnel, or damage to equipment. 


a. Removal 


Remove four nuts (2), battery holddown (3), and four holddown rods (1) from batteries (5) and 
brackets (4). 


b. Installation 


Install battery holddown (3) on batteries (5) and brackets (4) with four holddown rods (1) and 
four nuts (2). 


-- 
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4-73. BATTERY HOLDDOWN REPLACEMENT (Cont'd) 


FOLLOW-ON TASKS: 


Install battery positive cable (para. 4-68). 

Install battery feel eee 
Install battery ground cables|(para. 4-68). 

Install battery box cover (para. 10-43). 
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4-74. BATTERY REPLACEMENT AND SERVICING 


This task covers: 


a. Removal c. Installation 
b. Servicing 
INITIAL SETUP: 
Tools General Safety Instructions 
General mechanic’s tool kit: e Wear safety goggles and rubber gloves, and do not 
automotive (Appendix B, Item 1) smoke when performing battery maintenance. 


i ¢ Remove all jewelry. 
Manual References 


TM 9-6140-200-14 Maintenance Level 
Unit 


Equipment Condition 
Battery holddown removed({(para. 4-73). 


WARNING 


¢ Battery acid (electrolyte) is extremely harmful. Always wear 
safety goggles and rubber gloves, and do not smoke when 
performing battery maintenance. Severe injury will result if 
acid contacts eyes or skin. 


Remove all jewelry such as rings, dog tags, bracelets, etc. If 
jewelry or disconnected battery ground cable contacts battery 
terminal, a direct short can result, causing instant heating of 
tools, severe injury to personnel, or damage to equipment. 


a. Removal 


Remove two batteries (1) from battery box (2). 


NOTE 


For battery testing and servicing instructions, refer to 
TM 9-6140-200-14. 


c. Installation 


NOTE 


Ensure negative terminal posts are correctly located. Cables must 
reach their respective terminals without stretching. 


Install two batteries (1) in battery box (2). 


TM 9-2320-387-24-1 


4-74, BATTERY REPLACEMENT AND SERVICING (Cont'd) 


FOLLOW-ON TASK: Install battery holddown[(para. 4-73). 
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4-75. BATTERY TRAY MAINTENANCE 


This task covers: 
a. Removal c. Preventive Modification 
b. Cleaning and Inspection d. Installation 
INITIAL SETUP: 
Tools Manual References 
TM 9-6140-200-14 


General mechanic’s tool kit: 
automotive (Appendix B, Item 1) 


Maintenance and repair shop equipment: : 7 
automotive (Appendix B, Item 2) area ra 
Batteries removed|(para. 4-74). 
Four locknuts (Appendix G, Item 109) Maintenance Level 
Sodium bicarbonate (Appendix C, Item 76) Unit 


a. Removal 
Remove four locknuts (6), washers (2), capscrews (1), washers (2), and battery tray (3) from battery box (5). 


Discard locknuts (6). 


b. Cleaning and Inspection 
NOTE 


For additional information on battery box tray cleaning, refer to 


TM 9-6140-200-14. 
Clean battery tray (3) with sodium bicarbonate solution. 


1. 
2. Inspect battery tray (3) for damage. Replace if damaged. 
3. Inspect battery cable protectors (4) and battery compartment seals (7) for damage. Replace if damaged. 


c. Preventive Modification 
NOTE 


¢ The following step will prevent water from accumulating in the 


battery tray. 
e Refer to hole diagram for location of holes. 


Locate, mark, and drill four 1/2-in. holes in battery tray (3). 
Install battery tray (3) on battery box (5) with four washers (2), capscrews (1), washers (2), and locknuts (6). 
Tighten locknuts (6) to 6 lb-ft (8 N-m). 
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4-75. BATTERY TRAY MAINTENANCE (Cont'd) 


HOLE DIAGRAM 


FOLLOW-ON TASK: Install batteries 
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4-76. SLAVE RECEPTACLE AND CABLE MAINTENANCE 


This task covers: 


a. Removal c. Installation 
b. Inspection 


INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: (TM 9-2320-387-24P 
automotive (Appendix B, Item 1) . a3 
Maintenance and repair shop equipment: Equipment Condition 
automotive (Appendix B, Item 2) Battery tray removed (para. 4-75). 
Materials/Parts Maintenance Level 
Five lockwashers (Appendix G, Item 205) Unit 


Silicone compound (Appendix C, Item 75) 


a. Removal 


NOTE 
Prior to removal, tag leads for installation. 


1. Remove capscrew (8), lockwasher (9), slave negative cable (10), and battery negative cable (11) from 
shunt (1). Discard lockwasher (9). 


2. Remove two nuts (6), lockwashers (5), washers (4), battery positive cable (7), and slave positive cable (3) 
from buss bar (2). Discard lockwashers (5). 


Remove four nuts (15), capscrews (17), and cover (18) from receptacle (16) and battery box (12). 
Loosen compression nut (22) on backshell (21). 
Remove backshell (21) from receptacle (16). 


Remove capscrew (13), lockwasher (14), and slave negative cable (10) from receptacle (16). Discard 
lockwasher (14). 


7. Remove capscrew (19), lockwasher (20), and slave positive cable (3) from receptacle (16). Discard 
lockwasher (20). 


o ote ie 


NOTE 


Cover and/or receptacle do not require replacement if dust cover 
cable is broken. To replace dust cover cable, crimp a terminal ring 
(NSN 5940-00-143-4794) to each end of a 9-in. (22.9-cm) piece of 
nylon cord (NSN 4020-00-246-0688). 


1. Inspect cover (18) for breaks and cracks. Replace if damaged. 
2. Inspect cables (3) and (10) for damage. Replace if damaged. 


c. Installation 


NOTE 
Slave receptacle cover cord is secured under upper left capscrew. 
1. Install receptacle (16) and cover (18) on battery box (12) with four capscrews (17) and nuts (15). 


2. Install slave positive cable (3) and battery positive cable (7) on buss bar (2) with two washers (4), 
lockwashers (5), and nuts (6). Tighten nuts (6) to 26 lb-ft (35 N-m). 
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4-76. SLAVE RECEPTACLE AND CABLE MAINTENANCE (Cont'd) 


3. Install battery negative cable (11) and slave negative cable (10) on shunt (1) with lockwasher (9) and 
capscrew (8). Tighten capscrew (8) to 8 Ib-ft (11 N-m). 


4, Install slave positive cable (3) through compression nut (22) and backshell (21) on receptacle (16) 
with lockwasher (20) and capscrew (19). 


5. Install slave negative cable (10) on receptacle (16) with lockwasher (14) and capscrew (13). 


6. Apply silicone compound on receptacle (16) terminals, all exposed metal on rear of receptacle (16), 
and area under cover (18) on front of receptacle (16). 


7. Install backshell (21) on receptacle (16). 
8. Tighten compression nut (22) on backshell (21). 
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FOLLOW-ON TASE: Install battery tray (para-4-75). 
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4-77. WINCH POWER CABLE REPLACEMENT 


This task covers: 
a. Front Power Cable Removal c. Rear Power Cable Removal 
b. Front Power Cable Installation d. Rear Power Cable Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: ™M 9-2320-387-1C 
automotive (Appendix B, Item 1) TM 9-2320-387-24P 


Maintenance and repair shop equipment: 


automotive (Appendix B, Item 2) Equipment Condition 
Batteries removed (M1114 only)|(para. 4-74). 
Materials/Parts _ 
Nut and lockwasher assembly Maintenance Level 
(Appendix G, Item 244) Unit 


Three lockwashers (M1114) (Appendix G, 


Item 225) 


Five tiedown straps (Appendix G, Item 464) 
Five tiedown straps (M1114) (Appendix G, 


Item 462) 


a. Front Power Cable Removal 


of SY 


7. 
3. 


Remove capscrew (5) and lead 7 (4) from winch (8). 

Remove nut (7) and lead 6W (6) from solenoid (3). 

Remove screw (1) and clamp (9) from lead 7 (4), lead 6W (6), and lower radiator mount (2). 
Remove screw (11) and clamp (10) from lead 7 (4), lead 6W (6), and bracket (12). 

Remove two screws (13) and clamps (14) from lead 7 (4), lead 6W (6), and airlift bracket (15). 


Remove nut and lockwasher assembly (16), capscrew (18), and clamp (19) from lead 7 (4), lead 
6W (6), and bracket (17). Discard nut and lockwasher assembly (16). 


Remove nut (23) and lead 7 (4) from starter negative stud (22). 
Remove nut (20) and lead 6W (6) from starter positive stud (21). 


b. Front Power Cable Installation 


PS oe 


4-134 


Install lead 6W (6) on starter positive stud (21) with nut (20). Tighten nut (20) to 25-30 lb-ft (84-41 N-m). 
Install lead 7 (4) on starter negative stud (22) with nut (23). Tighten nut (23) to 15-20 lb-ft (20-27 N-m). 


Install lead 7 (4) and lead 6W (6) on bracket (17) with clamp (19), capscrew (18), and nut and 
lockwasher assembly (16). 


Install lead 7 (4) and lead 6W (6) on airlift bracket (15) with two clamps (14) and screws (13). 
Install lead 7 (4) and lead 6W (6) on bracket (12) with clamp (10) and screw (11). 

Install lead 7 (4) and lead 6W (6) on lower radiator mount (2) with clamp (9) and screw (1). 
Install lead 6W (6) on solenoid (3) with nut (7). 

Install lead 7 (4) on winch (8) with capscrew (5). 


TM 9-2320-387-24-1 


4-77. WINCH POWER CABLE REPLACEMENT (Cont'd) 
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4-77. WINCH POWER CABLE REPLACEMENT (Cont'd) 


1. Remove capscrew (8), lockwasher (7), ground lead (6), and lead 7 (5) from winch (4). Discard 
lockwasher (7). 


2. Remove nut (1) and lead 6W (3) from solenoid (2). 


3. Remove nine screws (13), clamps (12), five tiedown straps (11), harness (10), and leads 7 (5) and 6W (3) 
from body (9). Discard tiedown straps (11). 


4. Remove'nut (18), lockwasher (19), washer (20), and lead 6W (3) from buss bar (17). Discard 
lockwasher (19). 


5. Remove nut (15), lockwasher (14), and lead 7 (5) from capscrew (16). Discard lockwasher (14). 


d. Rear Power Cable Installation 


1. Install lead 7 (5) on capscrew (16) with lockwasher (14) and nut (15). Tighten nut (15) 
to 15-20 lb-ft (20-27 N-m). 


2. Install lead 6W (3) on buss bar (17) with washer (20), lockwasher (19), and nut (18). Tighten nut (18) 
to 15-20 lb-ft (20-27 N-m). 


3. Install leads 7 (5), 6W (3), and harness (10) on body (9) with nine clamps (12), screws (13), and five 
tiedown straps (11). 


4. Install lead 6W (3) on solenoid (2) with nut (1). 
5. Install lead 7 (5) and ground lead (6) on winch (4) with lockwasher (7) and capscrew (8). 
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4-77. WINCH POWER CABLE REPLACEMENT (Cont'd) 


FOLLOW-ON TASKS: ° Install batteries (M1114 only)(para_4-74), 
¢ Test winch for proper operation (TM 9-2320-387-10). 
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4-78. SHUNT REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Personnel Required 
General mechanic's tool kit: One mechanic 
automotive (Appendix B, Item 1) One assistant 
Maintenance and repair shop equipment: 
automotive (Appendix B, Item 2) Manual References 
M 9 0-38 E 
Materials/Parts ; 
Five lockwashers (Appendix G, Item 213) Equipment Condition 
Two nut and lockwasher assemblies. Batteries removed|(para. 4-74). 


(Appendix G, Item 244) 


Maintenance Level 
Unit 


NOTE 
Prior to removal, tag leads for installation. 


a. Removal 


1. Remove two screws (11), washers (8), and lockwashers (9) and disconnect leads 7B and 7D (15), 
9A (16), and 8A (6) from shunt (17). Discard lockwashers (9). 


2. Remove nut (1), lockwasher (2), and starter cable (3) from capscrew (10). Discard lockwasher (2). 
3. Remove nut (19), lockwasher (18), and capscrew (10) from shunt (17). Discard lockwasher (18). 


4. Remove capscrew (12), lockwasher (13), and two negative cables (14) from shunt (17). Discard 
lockwasher (13). 


5. Remove two nut and lockwasher assemblies (7), washers (5), capscrews (4), washers (5), and shunt (17) 
from battery box (20). Discard nut and lockwasher assemblies (7). 


b. Installation 


1. Install shunt (17) on battery box (20) with two washers (5), capscrews (4), washers (5), and nut and 
lockwasher assemblies (7). Tighten nut and lockwasher assemblies (7) to 8 lb-ft (11 N-m). 


2. Install two negative cables (14) on shunt (17) with lockwasher (13) and capscrew (12). Tighten 
capscrew (12) to 8 lb-ft (11 N-m). 


3. Install capscrew (10) on shunt (17) with lockwasher (18) and nut (19). Tighten nut (19) to 75 lb-ft (102 
Nem). 


4. Install starter cable (3) on capscrew (10) with lockwasher (2) and nut (1). Tighten nut (1) to 
18-22 lb-ft (24-30 Nem). 


5. Install leads 9A (16), 7B and 7D (15), and 8A (6) on shunt (17) with two lockwashers (9), washers (8), 
and screws (11). 
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4-78. SHUNT REPLACEMENT (Cont'd) 


Se 


FOLLOW-ON TASK: _ Install batteries[(para. 4-74).| 
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4-79. HOOD JUMPER WIRING HARNESS REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: : 
Tools Manual References 
General mechanic’s tool kit: TM 9-2320-387-10 
automotive (Appendix B, Item 1) TM 9-2320-387-24P 
Materials/Parts 


Equipment Condition 


Three lockwashers (Appendix G, Item 207) Side marker light assembly removed (para. 4-56). 
Antiseize compound (Appendix C, Item 16) 
Maintenance Level 


Unit 


CAUTION 


Use care when removing harness from vehicle. Failure to do so 
may cause damage to equipment. 


NOTE 
Prior to removal, tag leads for installation. 


a. Removal 


1. Disconnect left and right hood jumper wiring harness connector (1) from body harness connector (2). 
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4-79. HOOD JUMPER WIRING HARNESS REPLACEMENT (Cont'd) 


2. Remove nut (7), lockwasher (8), and special washer (9) from blackout drive light (3) and hood (10). 
Discard lockwasher (8). 


3. Disconnect lead 19B (5) from blackout drive light (3). 


4. Remove blackout drive light (3), ground lead 92C (4), and coned mounting washer (6) from swivel 
bracket (11). 


5. Disconnect harness leads 20E (12), 461B (21), and 491C (19) from left composite light terminals (20). 


6. Remove capscrew (14), lockwasher (13), and left composite light ground 92B (15) from buss bar (16). 
Discard lockwasher (13). 


7. Remove rubber grommet (18) from hood (10). 
8. Remove hood jumper wiring harness (17) from hood (10). 
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4-79. HOOD JUMPER WIRING HARNESS REPLACEMENT (Cont'd) 


9. Disconnect harness leads 20F (3), 460B (5), and 491D (6) from right composite light terminals (4). 
10. Remove capscrew (2), lockwasher (1), and right composite light ground lead 92A (11) from buss bar (7). 
Discard lockwasher (1). 
11. Remove rubber grommet (8) from hood (10). 
12. Remove hood jumper wiring harness (9) from hood (10). 
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4-79. HOOD JUMPER WIRING HARNESS REPLACEMENT (Cont'd) 


CAUTION 


Use care when installing harness. Failure to do so may cause 
damage to harness. 


Position left side hood jumper wiring harness (14) in approximate mounting position. 
Install rubber grommet (15) on hood (7). 
Connect ground lead 92C (2) to blackout drive light (1). 


Place coned mounting washer (9), ground lead 19B (3), and blackout drive light (1) through hole in 
swivel bracket (8). 


Install blackout drive light (1) on hood (7) with special washer (6), lockwasher (5), and nut (4). 


Apply antiseize compound to left composite light ground lead 92C (12) and install on buss bar (13) 
with lockwasher (10) and capscrew (11). 


Connect harness leads 20E (19), 461B (18), and 491B (16) to left composite light terminals (17). 
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4-79. HOOD JUMPER WIRING HARNESS REPLACEMENT (Cont'd) 


8. Position right side jumper wiring harness (9) in approximate mounting position. 
9. Install rubber grommet (8) on hood (10). 


10. Apply antiseize compound to right composite light ground 92C (11) and install on buss bar (7) with 
lockwasher (1) and capscrew (2). 


11. Connect harness leads 20F (3), 60B (5), and 491B (6) to left composite light terminals (4). 
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4-79, HOOD JUMPER WIRING HARNESS REPLACEMENT (Cont'd) 


12. Connect left and right side hood jumper wiring harness connector (12) to body harness 
connector (13). 


FOLLOW-ON TASKS: ¢ Install side marker light assembly (para. 4-56). 
e Check front lights for proper operation (1 320-387 


4-145 


TM 9-2320-387-24-1 


4-80. WIRING HARNESS CONNECTOR REPAIR 


This task covers: 


a. Terminal-Type Cable Connector Repair e. Receptacle Assembly Repair 
b. Male Cable Connector Repair f. Protective Control Box Lower Cannon Plug 
c. Female Cable Connector Repair Assembly Repair 


d. Connector Assembly Repair 


INITIAL SETUP: 
Tools . Equipment Condition 
General mechanic’s tool kit: Battery ground cables disconnected[(para. 4-68). 
automotive (Appendix B, Item 1) ; 
Connector repair kit (Appendix B, Item 154) General Safety Instructions 


Remove all jewelry. 
Manual References 


TB SIG-222 Maintenance Level 
TM 9-2320-387-24P Unit 
WARNING 


Remove all jewelry such as rings, dog tags, bracelets, etc. If 
jewelry or disconnected battery ground cable contact battery 
terminal, a direct short can result, causing instant heating of 
tools, severe injury to personnel, or damage to equipment. 


a. Terminal-Type Cable Connector Repair 


Strip cable insulation (1) from cable (2) to equal depth of terminal well (4). 

Slide insulator (3) over cable insulation (1). 

Insert cable (2) into terminal well (4) and crimp. 

Slide insulator (3) over crimped end of terminal (5) and apply heat to shrink insulator (3). 


Eo Se 


b. Male Cable Connector Repair 


Strip cable insulation (6) from cable (7) to equal depth of terminal well (10). 
Slide shell (8) over cable insulation (6). 

Insert cable (7) into terminal well (10) and crimp. 

Place slotted washer (9) over crimped junction at terminal (11). 

Slide shell (8) over slotted washer (9) and terminal (11). 


oO &@ @® 
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4-80. WIRING HARNESS CONNECTOR REPAIR (Cont'd) 


ae ade a ag 


Strip cable insulation (12) from cable (13) to equal depth of terminal well (16). 
Slide shell (14) and sleeve (15) over cable insulation (12). 

Insert cable (13) into terminal well (16) and crimp. 

Slide shell (14) and sleeve (15) over terminal (17). 


d. Connector Assembly Repair 


Ben bP 


NOTE 
Refer to TB SIG-222 for soldering instructions. 
Strip cable insulation (18) to depth of solder wells (21) on inserts (22). 
Slide cable ends (25) through grommet retaining nut (19) and grommet (20). 
Place cable ends (25) into solder wells (21) and solder. 


Slide grommet (20) over inserts (22) and press into shell assembly (23) and coupling nut (24) until 


seated. 
Screw grommet retaining nut (19) into shell assembly (23) until seated. 


00 
MALE INSERT 
00 
000 FEMALE INSERT 
0 — (= GEC 
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4-80. WIRING HARNESS CONNECTOR REPAIR (Cont'd) 


e. Receptacle Assembly Repair 


oe SNe 


NOTE 
Refer to TB SIG-222 for soldering instructions. 
Strip cable insulation (1) to depth of solder wells (5) on inserts (6). 
Slide cable ends (3) through grommet retaining nut (2) and grommet (4). 
Place cable ends (3) into solder wells (5) and solder. 
Slide grommet (4) over inserts (5) and press into receptacle (7) until seated. 
Screw grommet retaining nut (2) into receptacle (7) until seated. 


G) 6) 


x Ca 
00 MALE INSERT 
000 OR 
00 
000 
0 


f. Protective Control Box Lower Cannon Plug Assembly Repair 


1. 
2. 
3. 
4 


Strip cable insulation (8) to depth of solder wells (16) on inserts (14). 
Slide cable ends (10) through grommet retaining nut (9) and grommet (11). 
Slide insulation sleeving (17) over lead 67A (18). 
Place cable ends (10) into solder wells (16) and solder. 
NOTE 

Ensure insulation sleeving passes through grommet to provide a 

water-tight fit. 
Slide insulation sleeving (17) up to solder well end (15), and heat-shrink insulation sleeving (17). 


Slide grommet (11) over inserts (14) and press into shell assembly (12) and coupling nut (13) until 
seated. 


Install grommet retaining nut (9) into shell assembly (12) until seated. 


FOLLOW-ON TASK: Connect battery ground cables (para. 4-68). 
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CHAPTER 5 
TRANSMISSION AND TRANSFER CASE (UNIT) MAINTENANCE 


Section |. TRANSMISSION MAINTENANCE 


5-1. TRANSMISSION MAINTENANCE TASK SUMMARY 


TASK PAGE 

PARA. PROCEDURES No. 
Transmission Service 
[5-3.] Transmission Oil Cooler Lines Replacement [5-6] 
Transmission Bypass Valve Replacement [5-12] 
[5-5. | Transmission Oil Dipstick Tube Replacement (5-14) 
Neutral Start Switch Replacement 5-16) 
Shift Controls Housing Assembly Replacement [5-18] 
5-8. ] Shift Controls Housing Assembly Maintenance 5-20 
[5-9. | Transmission Shift Rod Maintenance [5-22] 
Transmission Vent Line Replacement [5-24] 
Sealed Lower Converter Housing Cover Maintenance (5-26) 
[5-12] Sealed Upper Converter Housing Cover (2-Piece) Maintenance 5-28) 
Transmission Mount Replacement [5-30] 

5-14. Transmission Road Test 
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5-2. TRANSMISSION SERVICE 


This task covers: 


a. Draining Fluid c. Transmission Filter Installation 
b. Transmission Filter Removal d. Replenishing Fluid 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: "TM 9-2320-387-10 
automotive (Appendix B, Item 1) (TM 9-2320-387-24P 
Maintenance and repair shop equipment: . 
automotive (Appendix B, Item 2) General Safety Instructions 
; Drycleaning solvent is flammable and will not be 
Materials/Parts used near an open flame. 
Filter assembly (Appendix G, Item 51) ; 
Transmission oil pan gasket Maintenance Level 
(Appendix G, Item 64) Unit 
Two locknuts (Appendix G, Item 157) 
Transmission fluid (Appendix C, Item 37) » 


Drycleaning solvent (Appendix C, Item 26) 


a. Draining Fluid 
NOTE 


e Do not shift through driving gear ranges when warming trans- 
mission fluid for removal. Shifting through driving gear ranges 
is a procedure used only when refilling transmission fluid. 


¢ Transmission should be warm when draining fluid. 
¢ Have drainage container ready to catch fluid. 


1. Remove drainplug (1) and gasket (2) from oil pan (3). Allow fluid to drain. 


NOTE 
Inspect fluid for grit, foaminess, and/or milkiness. If present, refer to 
DS maintenance (chapter 14). 


2. Install gasket (2) and drainplug (1) in oil pan (3) and tighten drainplug (1) to 20 lb-ft (27 N-m). 
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5-2. TRANSMISSION SERVICE (Cont'd) 
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5-2. TRANSMISSION SERVICE (Cont’d) 


b. Transmission Filter Removal 
CAUTION 


Transfer case must be supported during removal and installation of 
crossmember for access to oil pan capscrew and to prevent damage to 
equipment. 


1. Place support under transfer case and remove two locknuts (3), washers (2), capscrews (6), and 
crossmember (4) from support brackets (1) and (5). Discard locknuts (3). 
NOTE 
Oil pan gasket is reusable. Discard only if damaged. 


2. Remove seventeen capscrews (12), oil pan (11), and gasket (10) from transmission (7). 
3. Remove magnet (9) from oil pan (11). Remove filter (8) from transmission (7). 


WARNING 


Drycleaning solvent is flammable and will not be used near an open 
flame. A fire extinguisher will be kept nearby when the solvent is used. 
Use only in well-ventilated places. Failure to do this may result in 
injury to personnel and/or damage to equipment. 


4. Clean oil pan (11) thoroughly with drycleaning solvent. 


c. Transmission Filter Installation 


1. Install filter (8) in transmission (7). Install magnet (9) in oil pan (11). 
2. Install gasket (10) and oil pan (11) on transmission (7) with seventeen capscrews (12). 


3. Install crossmember (4) on support brackets (1) and (5) with two capscrews (6), washers (2), and 
locknuts (3). Tighten locknuts (3) to 90 lb-ft (122 N-m). 


4. Remove support from transfer case. 


d. Replenishing Fluid 


1. Remove transmission oil dipstick (14) from dipstick tube (13). 
2. Check transmission fluid and fill to proper level (TM 9-2320-387-10). 
3. Install transmission oil dipstick (14) in dipstick tube (13). 


TM 9-2320-387-24-1 


5-2. TRANSMISSION SERVICE (Cont'd) 


sss 
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SS 


FOLLOW-ON TASK: Start engine)(TM 9-2326-387-10) and check for leaks. 
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5-3. TRANSMISSION OIL COOLER LINES REPLACEMENT 


This task covers: 


a. Rear Lines Removal c. Front Lines Removal 
b. Rear Lines Installation d. Front Lines Installation 
INITIAL SETUP: 
General mechanic’s tool kit: ¢ Right splash shield removed (front lines) 
automotive (Appendix B, Item 1) (para. 10-24). 
eae ¢ Hood removed (para. 10-7). 
Materials/Parts 
Five locknuts (Appendix G, Item 109) General Safety Instructions 
Allow transmission to cool before performing this 
Manual References task. 
vi 9 0-387-10 
vl g U-387-24F Maintenance Level 
Unit 
WARNING 


Allow transmission to cool before performing this task. Severe injury 
to personnel may result. 


CAUTION 


Cover or plug all open lines and connections immediately after 
disconnection to prevent contamination. Remove all plugs prior to 
connection. 


a. Rear Lines Removal 


1. Remove two locknuts (32), washers (33), capscrews (4), and washers (5) from four retaining clamps (6) 
and cooler lines (7) and (31). Discard locknuts (32). 


2. Loosen two clamps (1) and disconnect hoses (2) from transfer case (34). 


NOTE 
Have drainage container ready to catch fluid. 


3. Loosen clamps (16) and (19) and disconnect hoses (15) and (20) from lines (17) and (18) and allow 
fluid to drain. 

Loosen clamps (22) and (24) and disconnect hoses (21) and (29) from bypass valve (23). 
Disconnect lines (7) and (8) from transmission (30). 

Remove lines and hoses as an assembly from vehicle. 


Loosen two clamps (3) and remove hoses (2) from lines (7) and (31). Remove two clamps (1) and (3) 
from hoses (2). 


8. Loosen hose clamps (12), (14), (25), (26), (27), and (28). 
9. Remove hose (9) from line (31) and tee (10). Remove two clamps (28) from hose (9). 
10. Remove hose (11) from line (8) and tee (13). Remove clamps (12) from hose (11). 


11. Remove hoses (15) and (20) from tees (10) and (13). Remove clamps (14), (16), (19), and (26) from 
hoses (15) and (20). 


12. Remove hoses (21) and (29) from tees (10) and (13). Remove clamps (22), (24), (25), and (27) from 
hoses (21) and (29). 


ae 
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5-3. TRANSMISSION OIL COOLER LINES REPLACEMENT (Cont’d) 
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5-3. TRANSMISSION OIL COOLER LINES REPLACEMENT (Cont'd) 


l. Install clamps (22), (24), (25), and (27) on hoses (21) and (29). Install hoses (21) and (29) on 
tees (10) and (13). 


2. Install clamps (14), (16), (19), and (26) on hoses (15) and (20). Install hoses (15) and (20) on 
tees (10) and (13). 


Install two clamps (12) on hose (11). Install hose (11) on line (8) and tee (13). 

Install two clamps (28) on hose (9). | nstall hose (9) on line (31) and tee (10). 

Install two clamps (1) and (3) on two hoses (2). Install hoses (2) on lines (7) and (31). 

Install lines and hoses as an assembly on vehicle and connect lines (7) and (8) to transmission (30). 
Connect hoses (2) to transfer case (34). 

Connect hoses (21) and (29) to bypass valve (23). 

Connect hoses (15) and (20) to lines (17) and (18). 


10. Install two washers (5), capscrews (4), washers (33), and locknuts (32) on four retaining clamps (6) 
and cooler lines (7) and (31). 


SO 00e StON: ce 9 
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5-3. TRANSMISSION OIL COOLER LINES REPLACEMENT (Cont’d) 
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5-3. TRANSMISSION OIL COOLER LINES REPLACEMENT (Cont'd) 


1. Remove two locknuts (15), washers (16), capscrews (21), and washers (20) from right radiator 
Support (2) and airlift bracket (22). Discard locknuts (15). 


2. Loosen locknut (1) and swing up radiator support (2). 


3. Remove locknut (14), washer (13), capscrew (9), washer (10), and capscrews (18) and (27) from 
clamps (11) and (12), two clamps (17), bracket (19), four clamps (26), and frame (23). 


Loosen two clamps (25) and disconnect hoses (24) from lines (7) and (8). 

Loosen two clamps (4) and (6) and remove hoses (5) from oil cooler (3) and lines (7) and (8). 
Remove clamps (4) and (6) from hoses (5). 

Remove cooler lines (7) and (8) from vehicle. 


d. Front Lines Installation 


Install cooler lines (7) and (8) on vehicle. 

Install two clamps (4) and (6) on hoses (5) and install hoses (5) on lines (7) and (8). 
Connect hoses (5) to oil cooler (3). 

Connect two hoses (24) to lines (7) and (8) and tighten clamps (25). 

Install four clamps (26) and cooler lines (7) and (8) on frame (23) with two capscrews (27). 
Install two clamps (17) and lines (7) and (8) on bracket (19) with capscrew (18). 


Install clamps (11) and (12) on cooler lines (7) and (8) with washer (10), capscrew (9), washer (13), 
and locknut (14). 


8. Swing radiator support (2) down and install on airlift bracket (22) with two washers (20), 
capscrews (21), washers (16), and locknuts (15). 


9. Tighten locknut (1). 


SO: SS 
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5-3. TRANSMISSION OIL COOLER LINES REPLACEMENT (Cont’d) 


FOLLOW-ON TASKS: « Fill transmission to proper level (TM 9-2320-387-10). 
¢ Start engine (TM 9-2320-387-10)|and check for leaks. 
¢ Install right splash shield (front lines) (para. 10-24). 
¢ Install hood (para. 10-7). 
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5-4. TRANSMISSION BYPASS VALVE REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools General Safety Instructions 
General mechanic’s tool kit: Allow transmission to cool before performing this 
automotive (Appendix B, Item 1) task. 
Materials/Parts Maintenance Level 
Locknut (Appendix G, Item 157) Unit 


Manual Reference 


TM 9-2320-387-10 


WARNING 


Allow transmission to cool before performing this task. Severe 
injury to personnel may result. 


CAUTION 


Cover or plug all open lines and connections immediately after discon- 
nection to prevent contamination. Remove all plugs prior to connection. 


a. Removal 


1. Loosen hose clamps (1) and (8) on rubber hoses (2) and (9). 
NOTE — 


Have drainage container ready to catch fluid. 


2. Disconnect rubber hoses (2) and (9) from bypass valve (3). 


3. Remove locknut (7), washer (5), capscrew (4), washer (5), and bypass valve (3) from transmission 
crossmember (6). Discard locknut (7). 


b. Installation 


1. Install bypass valve (3) on transmission crossmember (6) with washer (5), capscrew (4), washer (5), 
and locknut (7). Tighten locknut (7) to 90 Ib-ft (122 N-m). 


2. Connect rubber hoses (2) and (9) to bypass valve (3) and tighten clamps (1) and (8). 
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5-4, TRANSMISSION BYPASS VALVE REPLACEMENT (Cont'd) 
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FOLLOW-ON TASKS: » Fill transmission to proper level (TM 9-2320-387-10). 
¢ Start engine (TM 9-2320-387-10) and check for leaks. 
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5-5. TRANSMISSION OIL DIPSTICK TUBE REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: TM 9-2320-387-10 
automotive (Appendix B, Item 1) TM 9-2320-387-24P 
Materials/Parts Equipment Condition 
O-ring seal (Appendix G, Item 283) ¢ Hood raised and secured (TM 9-2320-387-10). 
Lockwasher (Appendix G, Item 207) e Engine access cover removed (para. 10-22). 
Maintenance Level 
Unit 
NOTE 


¢ Plug open transmission port to prevent contamination. Remove 
plug prior to installation of oil dipstick tube. 


e Have drainage container ready to catch fluid. 


1. Remove transmission oil dipstick (4) from dipstick tube (5). 


Remove capscrew (11), lockwasher (12), and washer (13) from dipstick tube (5) and right rear heat 
shield (8). Discard lockwasher (12). 


3. Remove two capscrews (7) and right rear heat shield (8) from right exhaust manifold heat shield (6) 
and rear heat shield (1). 


4. Remove nut (2) and dipstick tube (5) from manifold stud (3). 
5. Remove dipstick tube (5) from transmission (9). 
6. Remove O-ring seal (10) from dipstick tube (5). Discard O-ring seal (10). 


b. Installation 


Install O-ring seal (10) on dipstick tube (5). 
Install dipstick tube (5) into transmission (9). 
Install dipstick tube (5) on manifold stud (3) with nut (2). 


Install right rear heat shield (8) on right exhaust manifold heat shield (6) and rear heat shield (1) 
with two capscrews (7). 


5. Install dipstick tube (5) on right rear heat shield (8) with washer (13), lockwasher (12), and cap- 
screw (11). Tighten capscrew (11) to 25-37 lb-ft (34-50 N-m). 


6. Install transmission oil dipstick (4) into dipstick tube (5). 


eo Soe 
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5-5. TRANSMISSION OIL DIPSTICK TUBE REPLACEMENT (Cont'd) 


FOLLOW-ON TASKS: 


TM 9-2320-387-24-1 
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5-6. NEUTRAL START SWITCH REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: Shift controls housing assembly removed 
automotive (Appendix B, Item 1) kpara. 0-7). 
Manual References Maintenance Level 
[TM _9-2320-387-10 Unit 
[TM 9-2320-387-24P 
NOTE 


Prior to removal, tag leads for installation. 


a. Removal 


1. Remove boot (5) from shift controls housing (1). 
2. Remove two screws (3) and neutral start switch (2) from housing (1). 


b. Installation 


1. Install neutral start switch (2) on shift controls housing (1) with two screws (3). 


2. Position neutral start switch leads 14 (4) and selector indicator lead 17J (6) through boot (5), and 
install boot (5) on housing (1). 
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5-6. NEUTRAL START SWITCH REPLACEMENT (Cont'd) . 


FOLLOW-ON TASKS: « Install shift controls housing assembly (parg 
¢ Check neutral start switch for proper operatio 


» 


i (IM 9-2320-387-10). 
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5-7. SHIFT CONTROLS HOUSING ASSEMBLY REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: I'M 9-2320-387-1C 
automotive (Appendix B, Item 1) M 3 E 
Materials/Parts Equipment Condition 
Two cotter pins (Appendix G, Item 33) Battery ground cables disconnected[(para. 4-68). 


Four locknuts (Appendix G, Item 115) 


Maintenance Level 


Personnel Required Unit 
One mechanic 
One assistant 


a. Removal 


NOTE 
If shift controls housing assembly is to be reinstalled, tape trunnions 
to shift rod to prevent loss of adjustment. Transfer case shift rod 
trunnion is removed from shift rod only if damaged or shift rods are 
replaced. 


Remove cotter pin (5), washer (6), trunnion (9), and rub strip (8) from transmission shift lever 
arm (10). Discard cotter pin (5). 


Remove cotter pin (2), washer (3), trunnion (4), and rub strip (7) from transfer case shift arm (1). Discard 
cotter pin (2). 


NOTE 
Tag leads for installation. 
Disconnect two body harness leads 144/14B (14) from neutral start switch leads 14 (19). 
Disconnect body harness lead (17) from shift selector indicator lead 17J (18). 


Remove four locknuts (15), washers (16), capscrews (20), and shift controls housing assembly (12) 
from body (13). Discard locknuts (15). 


b. Installation 


is 
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Position shift controls housing assembly (12) in body (13) with transmission lever (11) on right, and 
install with four capscrews (20), washers (16), and locknuts (15). Tighten locknuts (15) to 
6 lb-ft (8 Nem). 


Connect two body harness leads 144/14B (14) to neutral start switch leads 14 (19). 
Connect body harness lead (17) to shift selector indicator lead 17J (18). 
Install rub strip (7) and trunnion (4) on transfer case shift arm (1) with washer (3) and cotter pin (2). 


Install rub strip (8) and trunnion (9) on transmission shift lever arm (10) with washer (6) and 
cotter pin (5). 


TM 9-2320-387-24-1 


5-7. SHIFT CONTROLS HOUSING ASSEMBLY REPLACEMENT (Cont'd) 


FOLLOW-ON TASK: ¢ Connect battery ground cable 


(para 4-68). | 
¢ Start engine|(TM _9-2320-387-10) and check shift controls for proper operation. 
Adjust as needed[(paras. 5-9 and 5-16). 
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5-8. SHIFT CONTROLS HOUSING ASSEMBLY MAINTENANCE 


This task covers: 
a. Disassembly b. Assembly 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: Shift controls housing assembly removed|(para. 5-7). 


automotive (Appendix B, Item 1) 
Maintenance Level 


Manual! References Unit 


TM 9-2320-387-24P 


a. Disassembly 


1 
2 
3 
4. 
5. 
6 
7 
8 
9 


Remove pin (4) and knob (3) from transfer case shift tube (2). 

Remove pin (6) and knob (5) from transmission shift tube (7). 

Remove neutral start switch leads (9) from openings in boot (8). 

Remove shift indicator lead (10) from opening in boot (8). 

Slide boot (8) off shift controls housing assembly (11). 

Remove two transmission selector lens covers (1) from shift controls housing assembly (11). 

Remove two fiber optic indicator strips (17) from bulbs (16). : 
Remove two bulbs (16) from sockets (15). 

Remove four screws (14), cover plate (13), and gasket (12) from shift controls housing assembly (11). 


b. Assembly 


Install gasket (12) and cover plate (13) on shift controls housing assembly (11) with four screws (14). 

Install two bulbs (16) in sockets (15). 

Install two fiber optic indicator strips (17) on bulbs (16). 

Install two transmission selector lens covers (1) on shift controls housing assembly (11). 

Install boot (8) on shift controls housing assembly (11), placing neutral start switch and shift 

indicator leads (9) and (10) through openings in boot (8). 

oo sliding boot (8) onto shift controls housing assembly (11), ensuring mounting screw holes 
gn. 

Install knob (5) on transmission shift tube (7) with pin (6). 

Install knob (3) on transfer case shift tube (2) with pin (4). 
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5-8. SHIFT CONTROLS HOUSING ASSEMBLY MAINTENANCE (Cont'd) 


AN 
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FOLLOW-ON TASK: Install shift controls housing assembly|(para. 5-7).| 
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5-9. TRANSMISSION SHIFT ROD MAINTENANCE 


This task covers: 
a. Removal c. Adjustment 
b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: 
automotive (Appendix B, Item 1) TM 9-2320-387-24P 
Materials/Parts Maintenance Level 
Three cotter pins (Appendix G, Item 33) Unit 


a. Removal 


1. Place transmission shift lever (7) in neutral. 


2. Remove cotter pin (6), washer (5), trunnion (2), and rub strip (4) from shift arm (3). Discard cotter 
pin (6). 


3. Remove cotter pin (13) and washer (12) from rear trunnion (9). Remove trunnion (9) and shift rod (8) 
from relay lever (11). Discard cotter pin (13). 


NOTE 
Mark position of rear trunnion on shift rod for installation. 
4. Remove cotter pin (10) and trunnion (9) from shift rod (8). Discard cotter pin (10). 


b. Installation 


1. Install trunnion (9) on shift rod (8) to marked position with cotter pin (10). 
2. Install trunnion (9) on relay lever (11) with washer (12) and cotter pin (13). Do not spread cotter pin (18). 


3. Install rub strip (4) and trunnion (2) on shift arm (3) with washer (5) and cotter pin (6). Do not 
spread cotter pin (6). 


4. Check shift rod (8) adjustment (task c.). 


CAUTION 


If the manual control linkage is not in proper detent for selector 
lever position, transmission will be damaged. 


NOTE 


Proper adjustment makes end of shift rod movement parallel to 
relay lever movement. 


1. Move transmission shift lever (7) to 1 position and ensure lever (1) is in forward detent position 1 or 
LOW. If not, remove cotter pin (13) and washer (12). Turn trunnion (9) until trunnion (9) aligns with 
relay lever (11). 


2. When adjustment is correct, spread cotter pins (6) and (18). 
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5-9. TRANSMISSION SHIFT ROD MAINTENANCE (Cont'd) 


FOLLOW-ON TASK: Operate vehicle (FM 9-2320-387-24) and test transmission shift lever for proper 
operation. 
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5-10. TRANSMISSION VENT LINE REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: TM 9-2320-387-24P 


automotive (Appendix B, Item 1) 
Maintenance Level 


Unit 


NOTE 
Insulation may need to be removed to access vent lines. 


a. Removal 


Remove vent line 
Remove vent line 
Remove capscrew 
Remove capscrew 
Remove vent line 
Remove clamps (7 


b. Installation 


Install clamps (7) 
Install vent line (10) on tee fittings (11) and (13). 
Install vent line (10) and clamp (7) on engine mount bracket (6) with capscrew (5). 
(10) 
( 


~-_~ 


2) from transmission (3) and tee fitting (1). 

12) from tee fittings (1) and (11). 

5), damp (7), and vent line (10) from engine mount bracket (6). 
4), camp (8), and vent line (10) from bracket (9). 

10) from tee fittings (11) and (13). 

and (8) from vent line (10). 


at & wee 


and (8) on vent line (10). 


Install vent line (10) and clamp (8) on bracket (9) with capscrew (4). 
Install vent line (12) on tee fittings (11) and (1). 

Install vent line (2) on tee fitting (1) and transmission (3). 

Install insulation if removed. 


a ee 
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3-10. TRANSMISSION VENT LINE REPLACEMENT (Cont'd) 
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5-11. SEALED LOWER CONVERTER HOUSING COVER MAINTENANCE 


This task covers: 


a. Removal c. Installation 
b. Inspection re 
INITIAL SETUP: 

Tools Equipment Condition 

General mechanic’s tool kit: ¢ Exhaust pipe removed[(para. 3-50). 
automotive (Appendix B, Item 1) ¢ Sealed upper converter housing cover removed 
(para. 5-12). 

Materials/Parts 
Gasket (Appendix G, Item 57) General Safety Instructions 
Adhesive (Appendix C, Item 6) Drycleaning solvent is flammable and will not be 
Drycleaning solvent (Appendix C, Item 26) used near an open flame. 

Manual References Maintenance Level 


(TM 9-2520-387-24P Unit 


1. Remove three capscrews (5) and converter housing cover (4) from transmission (2). 
2. Remove gasket (3) from converter housing cover (4). Discard gasket (3). 


1. Inspect converter housing cover (4) for pitting, cracking, and excessive wear. Replace if pitted, 
cracked, or excessively worn. 


WARNING 


Drycleaning solvent is flammable and will not be used near an 
open flame. A fire extinguisher will be kept nearby when the 
solvent is used. Use only in well-ventilated places. Failure to do 
this may result in injury to personnel and/or damage to 
equipment. 


2. Remove gasket material and sealant from converter housing cover (4) and transmission (2) with 
drycleaning solvent. 


c. Installation 


NOTE 
Gasket must be bent over edge of converter housing cover to 
ensure gasket seats properly. 
1. Apply adhesive to gasket (3) and install on converter housing cover (4). 


CAUTION 


Ensure converter housing cover is seated on oil pan flange to 
prevent converter housing cover from hitting flywheel and 
damaging converter housing cover. 


2. Install converter housing cover (4) on flange (1) and transmission (2) with three capscrews (5). 
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5-11. SEALED LOWER CONVERTER HOUSING COVER MAINTENANCE (Cont'd) 


FOLLOW-ON TASKS: « Install exhaust pipe (para. 3-50) 
¢ Install sealed upper converter housing cover|(para. 5-12). 
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5-12. SEALED UPPER CONVERTER HOUSING COVER (2-PIECE) MAINTENANCE 


This task covers: 


a. Removal c. Installation 
b. Inspection 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic's tool kit: Battery ground cables disconnected|(para. 4-68). 


automotive (Appendix B, Item 1) 
General Safety Instructions 


Materials/Parts Drycleaning solvent is flammable and will not be 
Gasket (Appendix G, Item 58) used near an open flame. 
Adhesive (Appendix C, Item 6) ; 
Drycleaning solvent (Appendix C, Item 26) Maintenance Level 
Adhesive, RTV (Appendix C, Item 10) Unit 


Manual References 


TM _ 9-2320-387-24P 


a. Removal 


1. Remove two capscrews (4) and converter housing cover (3) from transmission (1) . 
2. Remove gasket (2) from converter housing cover (3). Discard gasket (2). 


1. Inspect converter housing cover (3) for pitting, cracking, and excessive wear. Replace if pitted, 
cracked, or excessively worn. 


WARNING 


Drycleaning solvent is flammable and will not be used near an 
open flame. A fire extinguisher will be kept nearby when the 
solvent is used. Use only in well-ventilated places. Failure to do 
this may result in injury to personnel and/or damage to 
equipment. 
2. Remove gasket material and sealant from converter housing cover (3) and transmission (1) with 
drycleaning solvent. 


NOTE 


Gasket may require bending over edge of converter housing cover 
to ensure gasket seats properly. 
1. Apply adhesive to gasket (2) and install on converter housing cover (3). 


2. Apply RTV adhesive to edge (3.1) of converter housing cover (3) and install converter housing cover 
(3) on transmission (1) with two capscrews (4). 


3. Apply RTV adhesive to fill any gaps between converter housing (3), transmission (1), and starter 
housing (1.1). 


5-28 Change 1 


TM 9-2320-387-24-1 


5-12. SEALED UPPER CONVERTER HOUSING COVER (2-PIECE) MAINTENANCE (Cont'd) 


FOLLOW-ON TASK: Connect battery ground cables (para. 4-68). 
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5-13. TRANSMISSION MOUNT REPLACEMENT 


This task covers: 


a. Removal b. Installation 


a 


INITIAL SETUP: 


Tools 


General mechanic’s tool kit: 
automotive (Appendix B, Item 1) 


Maintenance and repair shop equipment: Equipment Condition 
automotive (Appendix B, Item 2) Transmission mount crossmember removed 
Materials/Parts_ 
Two lockwashers (Appendix G, Item 224) Maintenance Level 
Unit 


a. Removal 


Remove two capscrews (4), lockwashers (3), and transmission mount (2) from adapter (1). 
Discard lockwashers (3). 


b. Installation 


Install transmission mount (2) on adapter (1) with two lockwashers (3) and capscrews (4). Tighten 
capscrews (4) to 65 lb-ft (88 N-m). 


FOLLOW-ON TASK: Install transmission mount crossmember|(para. 9-10) 
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5-14, TRANSMISSION ROAD TEST 


This task covers: 
Road Test 
INITIAL SETUP: 
Tools Equipment Condition 
Genera] mechanic's tool kit: ¢ Transmission fluid at proper level 
automotive (Appendix B, Item 1) (TM _9-2320-387-10). 
e Adjust transmission shift linkage (para. 5-9). 
Manual! References 
"TM 9-2320-387-10 Maintenance Level 
Unit 


1. Position shift lever in (©) (overdrive), and accelerate vehicle. A 1-2, 2-3, and 3-4 shift should occur at 
all throttle openings. Allow vehicle to coast down to about 0 mph; 4-3, 3-2, and 2-1 shifts should occur. 


2. Position shift lever in D (drive) and accelerate vehicle. A 1-2 and 2-3 shift should occur at all throttle 
openings. Allow vehicle to coast down to about 0 mph; 3-2 and 2-1 shifts should occur. 


3. Position shift lever in 2 (low two), and accelerate vehicle. A 1-2 shift should occur at all throttle 
openings. No 2-3 shift can be obtained in this range. A 1-2 shift in 2 is somewhat firmer than in D. 
This is normal. 


4. Position shift lever in 1 and accelerate vehicle. No upshifts should occur in this range. 


5. Position shift lever in ©, and with vehicle speed at approximately 45 mph, close throttle and move 
lever to 3. Transmission should downshift to 3rd gear. An increase in engine rpm and engine braking 
effect should be noticed. 


6. Position shift lever in D and, with vehicle speed at approximately 35 mph, close throttle and move 
lever to 2. Transmission should downshift to 2nd gear. An increase in engine rpm and engine 
braking effect should be noticed. 


7. Position shift lever in 2 and, with vehicle speed at approximately 25 mph, close the throttle and 
move lever to 1. Transmission should downshift to 1st gear. An increase in engine rpm and engine 
braking effect should be noticed. 


. Position shift lever in R, and check for reverse operation. 
9. Hard shifting may indicate an underfilled or clogged system. 


Section Il. TRANSFER CASE MAINTENANCE 


5-15. TRANSFER CASE MAINTENANCE TASK SUMMARY 


TASK PAGE 
PARA. PROCEDURES NO. 
[5-16] Transfer Case Shift Rod Maintenance [5-32] 
Speedometer Driven Gear Replacement [5-34] 
Transfer Case Oil Seals Replacement [5-36] 
Transfer Case Vent Line Replacement [5-39] 
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5-16. TRANSFER CASE SHIFT ROD MAINTENANCE 


This task covers: 


a. Removal c. Adjustment 
b. Installation 


INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: Mg 0-387-10 
automotive (Appendix B, Item 1) M9 0-387-24F 
Maintenance and repair shop equipment: . 
automotive (Appendix B, Item 2) Maintenance Level 
Unit 
Materials/Parts 


Two cotter pins (Appendix G, Item 33) 


1. Remove cotter pin (9) and washer (8) from transfer case shift rod (6) and transfer case range lever (7). 
Discard cotter pin (9). 


2. Remove cotter pin (3), washer (4), shift rod trunnion (1), and rub strip (5) from bearing and arm 
assembly (2). Discard cotter pin (3). 


8. Remove shift rod trunnion (1) from shift rod (6). 


b. Installation 


1. Install shift rod trunnion (1) on shift rod (6). 


2. Install shift rod (6) into transfer case range lever (7) with washer (8) and cotter pin (9). 
3. Adjust shift rod (6) (task c.). 


NOTE 


The shift rod must be adjusted so that the detents of the transfer case 

lever correspond with the positions on the transfer case name plate. 
1. Ensure parking brake lever (10) is engaged and place transmission shift lever (12) in D (drive) position. 
2. Place transfer case shift lever (13) all the way forward in HL (high lock) position. 


3. Place long screwdriver in front of parking brake lever (10) and transmission shift lever (12), and 
behind knob (11) on transfer case shift lever (13) to hold transfer case shift lever (13) forward. 


Place transfer case range lever (7) in the rearward position, HL. 

Install rub strip (5) on arm assembly (2). 

Turn shift rod trunnion (1) so that it slips easily into hole in bearing and arm assembly (2). 
Secure shift rod trunnion (1) to bearing and arm assembly (2) with washer (4) and cotter pin (3). 


Remove screwdriver from transfer case shift lever (13) and place transmission shift lever (12) in 
N (neutral) position. 


ot eet 
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5-16. TRANSFER CASE SHIFT ROD MAINTENANCE (Cont'd) 


FOLLOW-ON TASK: Operate vehic € (iM 9-2320-387-10) and check for proper shifter operation. 
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5-17. SPEEDOMETER DRIVEN GEAR REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Materials/Parts 
General mechanic's tool kit: O-ring seal (Appendix G, Item 284) 
automotive (Appendix B, Item 1) 
Maintenance and repair shop equipment: Manual References 
automotive (Appendix B, Item 2) TM 9-2320-387-10 
MI 9 0-387-24F 
Special Tools 
Mirror, inspection (Appendix B, Item 84) Maintenance Level 


Unit 


a. Removal 


Disconnect flex driveshaft (1) from correction adapter (2). 

Loosen nut (3) and remove correction adapter (2) from pinion adapter (6). 
Remove capscrew (4) and clamp (5) from pinion adapter (6) and transfer case (8). 
Pull pinion adapter (6) out of transfer case (8). 

Remove O-ring seal (7) from pinion adapter (6). Discard O-ring seal (7). 

Remove driven gear (9) from transfer case (8). 


b. Installation 


1. Install O-ring seal (7) on pinion adapter (6). 
NOTE 
Note number stamped on driven gear. 
2. Install driven gear (9) into pinion adapter (6). 
NOTE 


Numbers on pinion adapter represent numbers stamped on driven 
gear. When installing adapter, numbers on adapter must match 
numbers on transfer case housing. 


3. Install and align pinion adapter (6) into transfer case (8) with clamp (5) and capscrew (4). Tighten 
capscrew (4) to 15 lb-ft (20 N-m). 


4. Install correction adapter (2) on pinion adapter (6) and tighten nut (3). 
5. Connect flex driveshaft (1) to correction adapter (2). 


2 SES Se 


TM 9-2320-387-24-1 


5-17. SPEEDOMETER DRIVEN GEAR REPLACEMENT (Cont'd) 


FOLLOW-ON TASK: Operate vehicle (TM 9-2320-387-10) and check speedometer for proper operation. 
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5-18. TRANSFER CASE OIL SEALS REPLACEMENT 


This task covers: 


a. Front Oil Seal Removal c. Rear Oil Seal Removal 

b. Front Oil Seal Installation d. Rear Oil Seal Installation 
INITIAL SETUP: 

Tools Materials/Parts 


General mechanic’s tool kit: 


Washer seal (Appendix G, Item 436) 
automotive (Appendix B, Item 1) 


Maintenance and repair shop equipment: Manual References 
automotive (Appendix B, Item 2) 
Special Tools 
Front seal installer (Appendix B, Item 96) Maintenance Level 
Rear seal installer (Appendix B, Item 95) Unit 


Drive handle (Appendix B, Item 60) 


a. Front Oil Seal Removal 


1. Remove four capscrews (4), two straps (3), and front propeller shaft (1) from output yoke (2). 
NOTE 
Have drainage container ready to catch fluid. 
Zs 


Remove nut (5), washer seal (6), and output yoke (2) from transfer case (8). Discard washer seal (6). 
3. Remove output oil seal (7) from transfer case (8). 


b. Front Oil Seal Installation 


NOTE 
Ensure rubber surface of seal faces front seal installer. 
1. Using front seal installer and drive handle, install oil seal (7) on transfer case (8). 


Install washer seal (6) and output yoke (2) on transfer case (8) with nut (5). Tighten nut (5) to 
110 lb-ft (149 N-m). 


Connect front propeller shaft (1) to output yoke (2) with two straps (3) and four capscrews (4). 
Tighten capscrews (4) to 13-18 lb-ft (18-24 N-m). 
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5-18. TRANSFER CASE OIL SEALS REPLACEMENT (Cont'd) 
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5-18. TRANSFER CASE OIL SEALS REPLACEMENT (Cont'd) 


c. Rear Oil Seal Removal 


1. Remove rear propeller shaft|(para. 6-4). 


2. Remove oil seal (1) from transfer case extension (2). 


d. Rear Oil Seal Installation 


1. Using rear seal installer, install oil seal (1) on transfer case extension (2). 
2. Install rear propeller shaft (para. 6-4). 


REAR SEAL \ 
INSTALLER 


FOLLOW-ON TASK: Fill transfer case fluid to proper level (TM 9-2320-387-10). 
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5-19. TRANSFER CASE VENT LINE REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: M9 0-38 P 


automotive (Appendix B, Item 1) : 
Maintenance Level 


Unit 


a. Removal 


1. Disconnect vent line (2) from elbow (1) on transfer case (4). 
2. Remove vent line (2) from tee fitting (3). 


b. Installation 


1. Install vent line (2) on tee fitting (3). 
2. Connect vent line (2) to elbow (1) on transfer case (4). 
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CHAPTER 6 
PROPELLER SHAFTS, AXLES, AND SUSPENSION (UNIT) MAINTENANCE 


Section |. PROPELLER SHAFTS MAINTENANCE 


6-1. PROPELLER SHAFTS MAINTENANCE TASK SUMMARY 


TASK PAGE 


PARA. PROCEDURES NO. 
Front Propeller Shaft Assembly Maintenance 
Front Propeller Shaft Assembly Repair 
[6-4] Rear Propeller Shaft Maintenance 
[6-5] Universal Joint Repair 6-10 
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6-2. FRONT PROPELLER SHAFT ASSEMBLY MAINTENANCE 


This task covers: 
a. Removal c. Installation 
b. Inspection 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: M9 0-387-1C 
automotive (Appendix B, Item 1) M9 0-387-24F 
Maintenance and repair shop equipment: j 
automotive (Appendix B, Item 2) Maintenance Level 
Materials/Parts Unit 
Cotter pin (Appendix G, Item 33) 
NOTE 
Propeller shaft bearing caps should be taped together to prevent loss 


of bearings. 


a. Removal 


1. Remove four capscrews (3) and two bearing straps (2) from front propeller shaft assembly (4) and 
differential pinion yoke (1). 


2. Remove four nuts (7), washers (8), and two U-bolts (11) from front propeller shaft assembly (4) and 
transfer case output yoke (9). 


3. Remove cotter pin (14), washer (13), and transfer case shift rod (12) from transfer case shift lever (6). 
Discard cotter pin (14). 


4. aed ie nuts (15), washers (16), capscrews (18), washers (16), and center bearing (17) from engine 
mount (19). 


5. Move front propeller shaft assembly (4) forward, then rearward, over top of transfer case (5) and 
exhaust pipe (10), and remove front propeller shaft assembly (4). 


b. Inspection 


8 eae driveshatt 0 (21) and coupling shaft (22) for cracks and damage. Replace either if cracked or 
amage 


2. Inspect grease fittings (23) and hace lit (20) for serviceability. Replace universal joints (20) 
or grease fittings (23) if unserviceable { 


3. Inspect center bearing (17) for tae or aaare. Replace coupling shaft (22) if center bearing (17) 
is rough or damaged (para. 6-3). 
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6-2. FRONT PROPELLER SHAFT ASSEMBLY MAINTENANCE (Cont'd) 
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6-2. FRONT PROPELLER SHAFT ASSEMBLY MAINTENANCE (Cont’d) 


c. Installation 

1. Position front propeller shaft assembly (4) over exhaust pipe (10) and over top of transfer case (5). 

2. Install front propeller shaft assembly (4) on differential pinion yoke (1) with two bearing straps (2) 
and four capscrews (3). Tighten capscrews (3) to 13-18 Ib-ft (18-24 N-m). 

3. Install center bearing (17) on engine mount (19) with two washers (16), capscrews (18), washers (16), 
and nuts (15). Tighten capscrews (18) to 60 lb-ft (81 N-m). 

4. Install transfer case shift rod (12) on transfer case shift lever (6) with washer (13) and cotter pin (14). 

5. Install front propeller shaft assembly (4) on transfer case output yoke (9) with two U-bolts (11), four 


washers (8), and nuts (7). Tighten nuts (7) to 13-18 Ib-ft (18-24 N-m). 


TM 9-2320-387-24-1 


6-2. FRONT PROPELLER SHAFT ASSEMBLY MAINTENANCE (Cont'd) 


FOLLOW-ON TASK: Lubricate propeller shaft assembly: (TM 9-2320-387-10), 
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6-3. FRONT PROPELLER SHAFT ASSEMBLY REPAIR 


This task covers: 
a. Disassembly c. Assembly 
b. Cleaning and Inspection 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: Front propeller shaft assembly removed|(para. 6-2). 
automotive (Appendix B, Item 1) 
Maintenance and repair shop equipment: General Safety Instructions 
automotive (Appendix B, Item 2) Drycleaning solvent is flammable and will not be 
Materjals/Parts used near an open flame. 
Dust cap (Appendix G, Item 48) Maintenance Level 
Grease (Appendix C, Item 34) Unit 


Drycleaning solvent (Appendix C, Item 26) 


Manual References 


M 9-2320-387-24F 
a. Disassembly 


NOTE 
Prior to disassembly, mark slip yoke and coupling shaft for assembly. 
1. Place slip yoke (2) in vise. 
2. Pry dust cap (3) off slip yoke (2). 
3. Pull drive shaft (1) apart from coupling shaft (4). Discard dust cap (3). 


b. Cleaning and Inspection 


WARNING 


Drycleaning solvent is flammable and will not be used near an open 
flame. A fire extinguisher will be kept’ nearby when solvent is used. 
Use only in well-ventilated places. Failure to do this may result in 
injury to personnel and/or damage to equipment. 


CAUTION 
Do not allow drycleaning solvent to come into contact with U-joint. 
Damage to equipment may result. 
1. Use drycleaning solvent to clean all metallic parts. 


Inspect driveshaft (1), coupling shaft (4), and slip yoke (2) for cracks or dents. Replace if cracked 
or dented. 


3. Inspect splined end of coupling shaft (4) and slip yoke (2) for damage. Replace either if damaged. 


4. Inspect center bearing (5) for looseness, vibration damage, rubber separation from bearing surface, and 
abnormal wear. If damaged, replace coupling shaft (4). 
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6-3. FRONT PROPELLER SHAFT ASSEMBLY REPAIR (Cont'd) 


c. Assembly 


NOTE 


Ensure grease fitting on dust cap is aligned with wide spline in 
slip yoke. 


1. Install dust cap (3) on coupling shaft (4). 
2. Coat splines on coupling shaft (4) and slip yoke (2) with grease. 


NOTE 
Ensure wide spline on coupling shaft is aligned with grease fitting 
on slip yoke. 


3. Install coupling shaft (4) and dust cap (3) into slip yoke (2). 


FOLLOW-ON TASK: Install front propeller shaft assembly|(para. 6-2) 
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6-4. REAR PROPELLER SHAFT MAINTENANCE 


This task covers: 
a. Removal c. Installation 
b. Inspection 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: TM 9-2320-387-10 
automotive (Appendix B, Item 1) TM 9-2320-387-24F 
Maintenance and repair shop equipment: 
automotive (Appendix B, Item 2) Maintenance Level 


Unit 


a. Removal 


1. Chock wheels and release parking brake (TM 9-2320-387-10). 


2. Remove four capscrews (6), two straps (5), and disconnect propeller shaft (3) from differential pinion 
yoke (4). 


3. Slide propeller shaft end yoke (1) out of transfer case extension (2) and remove propeller shaft (3). 


b. Inspection 


1. Inspect propeller shaft (3) for cracks and dents. Replace if cracked or dented. 


2. Inspect grease fittings and universal joints for serviceability. Replace universal joints (para. 6-5) or 
grease fittings if unserviceable. 


8. Inspect splined end of end yoke (1) for damage. Replace end yoke (1) if damaged 


c. Installation 


1. Slide propeller shaft end yoke (1) on transfer case extension (2) and install propeller shaft (3). 


2. Connect propeller shaft (3) to differential pinion yoke (4) with two straps (5) and four capscrews (6). 
Tighten capscrews (6) to 30-35 lb-ft (41-47 N-m). 


3. Apply parking brake (TM 9-2320-387-10) and remove wheel chocks. 
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6-4. REAR PROPELLER SHAFT MAINTENANCE (Cont'd) 


FOLLOW-ON TASK: Lubricate propeller shaft (TM 9-2320-387-10). 
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6-5. UNIVERSAL JOINT REPAIR : 


This task covers: 


a. Disassembly b. Assembly 
INITIAL SETUP: 
Tools Personnel Required 
General mechanic’s tool kit: One mechanic 
automotive (Appendix B, Item 1) One assistant 
Maintenance and repair shop equipment: 
automotive (Appendix B, Item 2) 
Universal joint bearing kit M 9 0-38 
(Appendix B, Item 19) Equipment Condition 
Materials/Parts Propeller shaft removed or 6-4). 
Journal and bearing kit Maintenance Level 
(Appendix G, Item 107) Unit 
NOTE 


All universal joint replacement procedures are basically the same. 
This procedure covers the rear universal joint. 


a. Disassembly 


CAUTION 


Do not drop bearing cups. Needle bearings can be easily lost. 
Remove grease fitting (7) from cross (5). 
Remove two bearing cups (4) from cross (5). 
Remove two snaprings (2) from yoke (6). 


Position propeller shaft (3) in vise with 1-1/8 in. socket between vise jaw and bearing cup (1) being 
removed. Ensure open end of socket is facing bearing cup (1). 


5. Place 11/16-in. socket between opposite bearing cup (1) and vise jaw. Ensure open end of socket is 
facing vise jaw. 

Press bearing cup (1) out of yoke (6) and remove bearing cup (1) from cross (5). 

7. Reverse position of sockets and press remaining bearing cup (1) out of yoke (6). 

8. Remove cross (5) from yoke (6). 


b. Assembly 
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CAUTION 
Ensure grease fitting on cross faces yoke. Damage to equipment 
will result if improperly installed. 
1. Install cross (5) into yoke (6). 
2. Install bearing cup (1) into yoke (6). 


CAUTION 
Ensure bearing cup is aligned with yoke before pressing in with vise. 
Damage to cross and bearing cups will result if forced into yoke. 
Place yoke (6) in vise with 11/16-in. socket between vise jaw and bearing cup (1). 
Press bearing cup (1) into yoke (6) far enough to install snapring (2) and install snapring (2) into yoke (6). 
Install bearing cup (1) into yoke (6). 
Place yoke (6) in vise with 11/16-in. socket between bearing cup (1) and vise jaw. 


Press bearing cup (1) into yoke (6) far enough to install snapring (2) and install snapring (2) into yoke (6). 
Install two bearing cups (4) on cross (5). 
Install grease fitting (7) into cross (5). 
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6-5. UNIVERSAL JOINT REPAIR (Cont'd) 


FOLLOW-ON TASK: Install propeller shaft (para. 6-Qlor 6-4). 
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Section Il. FRONT AND REAR AXLES MAINTENANCE 


6-6. FRONT AND REAR AXLES MAINTENANCE TASK SUMMARY 


TASK PAGE 
PARA. PROCEDURES NO. 
6-7 Halfshaft Maintenance 
[6-8] Geared Hub Side Cover Maintenance [6-20 
[6-9] Geared Hub Replacement [6-29 
[6-T0} Geared Hub Input Seal Replacement [6-28 
6-11 Geared Hub Spindle Seal Replacement [6-30 
Geared Hub Spindle Bearing Adjustment [6-33 
[6-13] Wheel Stud Replacement [6-38 
6-14 Differential Vent Line Replacement [6-39 
Rear Geared Hub Vent Line Replacement [6-40 
[6-16] Front Geared Hub Vent Line Replacement 6-42 
[6-17] Steering Stop Maintenance 
6-18 Differential Cover Maintenance | [6-46 


6-7. HALFSHAFT MAINTENANCE 


This task covers: 


a. Removal 
b. Disassembly 
c. Cleaning and Inspection 


INITIAL SETUP: 


Tools 


General mechanic's tool kit: 
automotive (Appendix B, Item 1) 
Maintenance and repair shop equipment: 
automotive (Appendix B, Item 2) 


Materials/Parts 


Boot service kit (fixed) (Appendix G, Item 9) 
Boot service kit (plunged) (Appendix G, Item 9) 
Clip (Appendix G, Item 22) 
Cotter pin (Appendix G, Item 33) 
Six two-piece lockwashers (Appendix G, 

Item 240.1) 
Lockwasher (Appendix G, Item 216) 
Drycleaning solvent (Appendix C, Item 26) 
Lithium grease (Appendix C, Item 36) 
Sealing compound (Appendix C, Item 63) 


a. Removal 


TM 9-2320-387-24-1 


d. Assembly 
e. Installation 


Manual References 


TM 9-2320-387-24P 


Equipment Condition 


¢ Wheel removed|(para. 8-3). 
¢ Brake protection guard removed (para 7-11). 


General Safety Instructions 
Drycleaning solvent is flammable and will not be 
used near an open flame. 


Maintenance Level 
Unit 


1. Remove access plug (8) and washer (7) from geared hub (4). 
2. Remove halfshaft retaining capscrew (6) and lockwasher (5) from halfshaft (9) and geared hub (4). 


Discard lockwasher (5). 


3. Remove six capscrews (3), two-piece lockwashers (2), and halfshaft (9) from rotor (1) and output 


flange (10). Discard two-piece lockwashers (2). 


NOTE 
Perform steps 4 and 5 for rear halfshafts only. 
4. Remove cotter pin (15), washer (16), clevis pin (18), and parking brake clevis (17) from lever (14). 


Discard cotter pin (15). 


5. Remove clip (13) and disconnect cable (11) from caliper cable bracket (12). Discard clip (13). 
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Change 1 
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6-7. HALFSHAFT MAINTENANCE (Cont'd) 


b. Disassembly 


Loosen clamps (6) and (7) securing inner boot (5) to inner joint (1), insert (2), and shaft (4). 
Clamp shaft (4) in soft-jawed vise. 

Remove inner boot (5) from insert (2) and slide up on shaft (4). 

Remove inner joint (1) and insert (2) from spider assembly (3) and shaft (4). 

Remove insert (2) from inner joint (1). Discard insert (2). 
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6-7. HALFSHAFT MAINTENANCE (Cont'd) 


6. Remove retainer ring (8) from shaft (4). Discard retainer ring (8). 
7. Remove spider assembly (3) from shaft (4). 
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6-7. HALFSHAFT MAINTENANCE (Cont'd) 


8. Removeinner boot (1) and clamps (2) and (3) from shaft (7). Discard boot (1) and clamps (2) and (3). 
9. Remove shaft (7) from soft-jawed vise. 


10. Remove boot camps (4) and (5) and outer boot (6) from outer joint (8) and shaft (7). Discard boot (6) and 
clamps (5) and (4). 


c. Cleaning and Inspection 


WARNING 


Drycleaning solvent is flammable and will not be used near an 
open flame. A fire extinguisher will be kept nearby when solvent 
is used. Use only in well-ventilated places. Failure to do this may 
result in injury to personnel and/or damage to equipment. 
Clean all metallic parts with drycleaning solvent. 
Inspect shaft (7) for cracks and distortion. Replace shaft (7) if cracked or distorted. 
Inspect splined end of shaft (7) for damage. Replace shaft (7) if damaged. 


Inspect inner joint (9) for pitting or rough joint operation. Replace inner joint (9) if pitted or 
unserviceable. 


5. Clean output flange threaded holes (10) with a 10-mm tap to remove old sealing compound. 
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6-7. HALFSHAFT MAINTENANCE (Cont'd) 


Pack outer joint (8) with lithium grease. 

Install outer boot (6) on shaft (7). Ensure boot (6) seats in groove of shaft (7). 
Secure outer boot (6) on shaft (7) with clamp (4). 

Install outer boot (6) on joint (8). Ensure boot (6) seats in groove of joint (8). - 
Secure outer boot (6) on joint (8) with clamp (5). 

Clamp shaft (7) in soft-jawed vise. 

Position clamps (3) and (2) on shaft (7). 

Install inner boot (1) on shaft (7). Push boot (1) past groove on shaft (7). 
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6-7. HALFSHAFT MAINTENANCE (Cont'd) 


NOTE 

Adhere spider assembly with lithium grease before installing 

on shaft. 
Align splines of spider assembly (4) with spline on shaft (5). Use press to install spider 
assembly (4) on shaft (5) until spider assembly (4) seats into place. 
Install retainer ring (3) in upper groove of shaft (5). 
Pack inner joint (1) with lithium grease. 
Install insert (2) on inner joint (1). 
Install inner joint (1) and insert (2) on spider assembly (4) and shaft (5). 
Move inner boot (6) on shaft (5) until inner boot (6) seats in groove of shaft (5). 
Secure inner boot (6) on shaft (5) with clamp (8). 
Install inner boot (6) on inner joint (1). Ensure boot (6) seats in groove of inner joint (1). 
Secure inner boot (6) on inner joint (1) with clamp (7). 


e. Installation 


1. 
2. 


6-18 


Install halfshaft (18) into geared hub (13). 


Apply sealing compound to halfshaft retaining capscrew (15) and install halfshaft (18) on geared 
hub (13) with lockwasher (14) and halfshaft retaining capscrew (15). Tighten halfshaft retaining 
capscrew (15) to 37 |b-ft (50 N-m). 


Install washer (16) and access plug (17) into geared hub (13). Tighten access plug (17) to 8-13 Ib-ft 
(11-18 N-m). 
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6-7. HALFSHAFT MAINTENANCE (Cont'd) 


4. 


6. 


FOLLOW-ON TASKS: « Install wheell(para. 8-3). 


NOTE 
¢ Ensure all six capscrew holes in the rotor align with holes in 
output flange. 


¢ New capscrews come with preapplied thread-locking compound, 
however, still apply sealing compound to threads of new 
capscrews. If old capscrews are to be used, mating threads must 
be cleaned and sealing compound applied to threads of 
capscrews. 


¢ Two-piece lockwashers must be installed in sets of two with 
serrated sawtooth threads facing each other. 


Apply sealing compound to six capscrews (12). Install halfshaft (18) on rotor (10) and output flange (19) 
with six two-piece lockwashers (11) and capscrews (12). Tighten capscrews (12) to 58 Ib-ft (79 N-m). 


NOTE 
Perform steps 5 through 7 for rear halfshafts only. 
Install parking brake cable (27) on caliper cable bracket (20) with dip (21). 


CAUTION 


¢ Ensure lever is in contact with caliper cable bracket stop. Damage to 
equipment and poor performance may result if not aligned properly. 


¢ Ensure that clevis and clevis pin are aligned in lever. Do not move 
lever to accommodate misadjusted clevis. Damage to equipment and 
poor performance may result. 


Install parking brake clevis (25) on lever (22) with clevis pin (26), washer (24), and cotter pin (23). 
Check position of lever (22) and ensure it is in contact with caliper cable bracket stop (28). 


If lever (22) is not in contact with caliper cable bracket stop (28), adjust rear dual service parking brake 
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¢ Install brake protection guards |(para 7-11). 


Change 1 6-19 


TM 9-2320-387-24-1 


6-8. GEARED HUB SIDE COVER MAINTENANCE 


This task covers: 


a. Removal c. Installation 
b. Cleaning and Inspection 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: Wheel removed (para. 8-3). 
automotive (Appendix B, Item 1) 
Maintenance and repair shop equipment: General Safety Instructions 
automotive (Appendix B, Item 2) Drycleaning solvent is flammable and will not be 
Materials/Parts used near an open flame. 
Sealing compound (Appendix C, Item 63) Maintenance Level 


RTV silicone compound (Appendix C, Item 74) Unit 
Drycleaning solvent (Appendix C, Item 26) 


Manual References 


TM _ 9-2320-387-24P 


NOTE 
¢ Have drainage container ready to catch oil. 


¢ The replacement procedure for front and rear geared hub side 
covers is basically the same. This procedure covers the front 
side cover. 


a. Removal 


1. Remove drainplug (5) from geared hub (1) and drain geared hub (1). 
2. Install drainplug (5) on geared hub (1). Tighten drainplug (5) to 8-13 Ib-ft (11-18 N-m). 
3. Remove eight capscrews (4), washers (3), and side cover (2) from geared hub (1). 


b. Cleaning and Inspection 
WARNING 


Drycleaning solvent is flammable and will not be used near an 
open flame. A fire extinguisher will be kept nearby when solvent 
is used. Use only in well-ventilated places. Failure to do this may 
result in injury to personnel and/or damage to equipment. 

1. Using drycleaning solvent, clean side cover (2). 


2. Inspect side cover (2) for damage. If damaged, replace. 


c. Installation 


1. Apply RTV sealant to side cover (2) and install side cover (2) on geared hub (1). 
NOTE 


Sealing compound is fast drying. Assemble parts as quickly as 
possible. 
2. Apply sealing compound to capscrews (4) and install eight washers (3) and capscrews (4) on side 
cover (2). Tighten capscrews (4) to 15 Ib-ft (20 N-m). 
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6-8. GEARED HUB SIDE COVER MAINTENANCE (Cont’d) 


FOLLOW-ON TASKS: « Fill geared hub to proper level 
¢ Install wheel (para. 8-3). 
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6-9. GEARED HUB REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: TM _ 9-2320-387-24P 
automotive (Appendix B, Item 1) . 
Maintenance and repair shop equipment: Equipment Condition 
automotive (Appendix B, Item 2) ¢ Wheel removed [{para. 8-3). 
Puller, mechanical (Appendix B, Item 157) ¢ Steering stop removed [para. 6-17). 
Materials/Parts General Safety Instructions 
Three cotter pins (Appendix G, Item 34) Geared hub must be supported during removal 
Lockwasher (Appendix G, Item 217) and installation. 


Eight locknuts (Appendix G, Item 115) 


Sealing compound (Appendix C, Item 62) ee 


Sealing compound, anaerobic Unit 
(Appendix C, Item 58) 
Personnel Required 
One mechanic 
One assistant 
CAUTION 


Use of a pickle fork instead of the puller kit may damage 
serviceable components (boots). 


NOTE 
¢ Have drainage container ready to catch fluid. 


¢ The replacement procedure for front and rear geared hubs is 
basically the same. This procedure covers the front geared hub. 


a. Removal 


Remove drainplug (29) from geared hub (12) and drain geared hub (12). 

Install drainplug (29) in geared hub (12). 

Remove capscrew (21), washer (20), and vent line bracket and clamp (19) from geared hub (12). 
Loosen clamp (6) and disconnect vent line (22) from geared hub fitting (7). 


Remove cotter pin (25), slotted nut (26), and washer (27) from tie rod end (28) and geared hub (12). 
Discard cotter pin (25). 


6. Using puller, disconnect tie rod end (28) from geared hub (12). 


7. Remove access plug (11), washer (10), axle halfshaft retaining capscrew (9), lockwasher (8), and 
disconnect halfshaft (13) from geared hub (12). Discard lockwasher (8). 


4S we 


6-22 Change 1 


TM 9-2320-387-24-1 


6-9. GEARED HUB REPLACEMENT (Cont'd) 


WARNING 


Geared hub must be supported during removal. Failure to support geared 
hub may cause injury to personnel or damage to equipment. 


NOTE 
Note direction of inner and outer capscrews for installation. 


8. Remove four locknuts (18), washers (14), capscrews (15), and washers (14) from lower ball joint (16) and 
lower control arm (17). Discard locknuts (18). 


9. Remove four locknuts (3), washers (2), capscrews (1), and washers (2) from upper ball joint (4) and 
upper control arm (5). Discard locknuts (3). 


10. Remove cotter pin (23), slotted nut (24), and upper ball joint (4) from upper control arm (5) and 
geared hub (12). Discard cotter pin (23). 


11. Lower support and remove geared hub (12). 
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6-9. GEARED HUB REPLACEMENT (Cont'd) 


12. 
13. 


Place geared hub (3) in vise. 
Remove cotter pin (1), slotted nut (2), and lower ball joint (4) from geared hub (3). Discard cotter pin (1). 


b. Installation 
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WARNING 


Geared hub must be supported during installation. Failure to 
Support geared hub may cause injury to personnel or damage to 
equipment. 

NOTE 


¢ If geared hub is received with P/N 6005120 and left front or 
right rear installation is required, replace steering arm cover 
P/N 6005120 with P/N 6005121. 


¢ If geared hub is received with P/N 6005121 and right front or 
left rear installation is required, replace steering arm cover 
P/N 6005121 with P/N 6005120. 


e Use existing steering arm cover if serviceable. 


e Perform steps 1 through 1.2 for replacement of steering arm 
cover. Proceed to step 1.3 for geared hub installation. 


Remove four capscrews (4.1), washers (4.2), and steering arm cover (4.3) from geared hub (3). 
CAUTION 
When installing steering arm cover, ensure Seal in cover is 
aligned on spindle extension or damage to seal will result. 
NOTE 


Immediately install steering arm cover after application of 
sealant. 


Clean sealing surfaces on geared hub (3) and steering arm cover (4.3), then apply anaerobic sealing 
compound to steering arm cover (4.3). 


Apply sealing compound to threads on capscrews (4.1) and install steering arm cover (4.3) on 
geared hub (3) with four washers (4.2) and capscrews (4.1). Tighten capscrews (4.1) to 
65 Ib-ft (88 N-m). 


NOTE 
Upper and lower ball joints have grease fittings. 


. Install lower ball joint (4) on geared hub (3) with slotted nut (2), but do not tighten. 


Install upper ball joint (7) on upper control arm (8) and geared hub (3) with slotted nut (19). 
Tighten slotted nut (19) on upper ball joint (7) to 65 Ib-ft (88 N-m). Install cotter pin (18). 


Install four washers (21), capscrews (20), washers (6), and locknuts (5) on upper ball joint (7) and 
upper control arm (8). Tighten locknuts (5) to 37 Ib-ft (50 N-m). 


Apply sealing compound to halfshaft retaining capscrew (10) and install halfshaft (15) on geared 
hub (3) with lockwasher (9) and halfshaft retaining capscrew (10). Tighten halfshaft retaining 
capscrew (10) to 37 |b-ft (50 N-m). 


Install washer (11) and access plug (12) on geared hub (3). Tighten access plug (12) to 8-13 |b-ft 
(11-18 N-m). 


Install lower ball joint (4) and geared hub (3) on lower control arm (16). Ensure lower ball joint (4) 
is below lower control arm (16). 
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6-9. GEARED HUB REPLACEMENT (Cont'd) 


NOTE 


Ensure outer capscrews are installed from top down and inner 
capscrews are installed from bottom up. 


8. Secure lower ball joint (4) to lower control arm (16) with four washers (13), capscrews (14), 
washers (13), and locknuts (17). Tighten locknuts (17) to 60 Ib-ft (81 N-m). 


CAUTION 


Do not loosen slotted nut to install cotter pin. Doing this may 
result in damage to equipment. 


9. Tighten slotted nut (2) on lower ball joint (4) to 73 Ib-ft (99 N-m) and install cotter pin (1). 
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| 6-9. GEARED HUB REPLACEMENT (Cont'd) 


10. 


11. 
12; 


13. 
14. 
15. 
16. 
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Install tie rod end (4) on geared hub (5) with washer (3) and slotted nut (2). Tighten slotted nut (2) to 
70 lb-ft (95 N-m) and install cotter pin (1). 


Connect vent line (6) to geared hub fitting (7) and tighten clamp (8). 


Install vent line (6) and vent line bracket and clamp (11) on geared hub (5) with washer (10) and 
capscrew (9). Tighten capscrew (9) to 38 lb-ft (52 N-m). 


Tighten drainplug (14) to 8-13 lb-ft (11-18 N-m). 
Remove fill plug (13) and washer (12) from geared hub (5). 


Fill geared hub (5) to proper level|(para 2-12) 
Install washer (12) and fill plug (13) on geared hub (5). Tighten fill plug (13) to 8-13 lb-ft (11-18 N-m). 
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6-9. GEARED HUB REPLACEMENT (Cont'd) 


FOLLOW-ON TASKS: °¢ Install steering stop\(para. 6-17). 
¢ Install wheel {p 


¢ Check alignment|(paras. 8-9 and 8-10). 
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6-10. GEARED HUB INPUT SEAL REPLACEMENT 


This task covers: 


a. Removal 
INITIAL SETUP: 


Tools 


General mechanic’s tool kit: 
automotive (Appendix B, Item 1) 
Maintenance and repair shop equipment: 
automotive (Appendix B, Item 2) 
Vise insert (Appendix B, Item 160) 


Special Tools 
Input seal installer (Appendix B, Item 107) 
Driver handle (Appendix B, Item 60) 


a. Removal 


b. Installation 


Materials/Parts 


Input seal (Appendix G, Item 404) 
Lubricating oil (Appendix C, Item 41) 


Manual References 
¥, ae @ @, e 


Equipment Condition 
Halfshaft removed (para. 6-7). 


Maintenance Level 
Unit 


NOTE 


Shim gaskets must be reused to maintain proper drive gear 


bearing adjustment. 


1. Remove capscrew (1), washer (2), and vent line bracket (3) from drive gear retainer (4). 
Remove three capscrews (1), washers (2), drive gear retainer (4), and shim gasket(s) (5) from geared 


hub (6). 


3. Install drive gear retainer (4) in vise with inserts and remove input seal (7). Discard input seal (7). 


b. Installation 


1. Using driver handle and input seal installer, install input seal (7) in drive gear retainer (4). Ensure 
radius on outer diameter of input seal (7) faces toward inside of geared hub (6). 


2. Install shim gasket(s) (5) and drive gear retainer (4) on geared hub (6) with three washers (2) and 
capscrews (1). Tighten capscrews (1) to 38 lb-ft (52 N-m). 


3. Install vent line bracket (3) on drive gear retainer (4) with washer (2) and capscrew (1). Tighten 


capscrew (1) to 38 lb-ft (52 N-m). 


4. Coat lip of input seal (7) with lubricating oil. 
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6-10. GEARED HUB INPUT SEAL REPLACEMENT (Cont'd) 


FOLLOW-ON TASK: Install halfshaft((para. 6-7). 
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6-11. GEARED HUB SPINDLE SEAL REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: TM _ 9-2320-387-24P 
automotive (Appendix B, Item 1) 
Maintenance and repair shop equipment: Equipment Condition 
automotive (Appendix B, Item 2) Wheel removed (para. 8-3). 
Special Tools General Safety Instructions 
Spindle seal installer (Appendix B, |tem 109) Ensure locktab on lockwasher is bent 
Driver handle (Appendix B, Item 60) completely into slot on retaining nut. 
Wrench (Appendix B, Item 108) Nanimnanceevd 


Materials/Parts Unit 


Lockwasher (Appendix G, Item 218) 

Seal (Appendix G, Item 424) 

Grease (Appendix C, Item 34) 

Sealing compound (Appendix C, Item 58) 
Lubricating oil (Appendix C, Item 42) 
Sealing compound (Appendix C, Item 62) 


a. Removal 


NOTE 
Have drainage container ready to catch oil. 


1. Remove drainplug (2) from geared hub (1) and drain geared hub (1). Install drainplug (2) in geared 
hub (1) and tighten to 8-13 Ib-ft (11-18 N-m). 


CAUTION 
Do not use sharp objects to aid in removing steering arm cover. 


NOTE 


It may be necessary to lightly tap steering arm cover with mallet 
to loosen from geared hub. 


2. Remove four capscrews (5), washers (4), and steering arm cover (3) from geared hub (1). 


6-30 Change 1 


TM 9-2320-387-24-1 


6-11. GEARED HUB SPINDLE SEAL REPLACEMENT (Cont'd) 


NOTE 
For new configuration, two locktabs on lockwasher must be bent 
away from retaining nut for removal. 
3. Bend locktab on lockwasher (13) away from retaining nut (14). 
NOTE 


If four-slotted retaining nut TN-07 is present, it is recommended 
to replace it with eight-slotted retaining nut 12342680. 


4. Using retaining nut wrench, remove retaining nut (14), lockwasher (13), and keyed washer (12) 
from spindle (7). Discard lockwasher (13) 

5. Remove spindle (7), spacer (6), bearing (11), and spacer (10) from geared hub (1). 

6. Remove spindle seal (15) from geared hub (1). Discard spindle seal (15). 

7. Inspect spindle (7) for rough or corroded sealing surface (8). Replace geared hub (1) (para. 6-9) if 
spindle (7) is damaged. 

8. Inspect bearings (9) and (11) for damage. Replace geared hub (1) (para. 6-9) if bearing (9) or (11) is 
damaged. 


RETAINING NUT 27 / Sse 
WRENCH. 


NEW 
CONFIGURATION 
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6-11. GEARED HUB SPINDLE SEAL REPLACEMENT (Cont'd) 


Using driver handle and spindle seal installer, install spindle seal (1) in geared hub (2). 
Coat spindle seal (1) with lubricating oil. 

Install spacer (3) and spindle (4) in geared hub (2). 

Apply grease to face of retaining nut (9). 


oo 


NOTE 


e If four-slotted retaining nut is present, it is recommended to 
replace it with eight-slotted retaining nut 12342680. 


e Ensure lip of spacer faces the bearing for a proper fit. 


5. Install spacer (5), bearing (6), Keyed washer (7), lockwasher (8), and retaining nut (9) on spindle (4). 
6. Using retaining nut wrench, tighten retaining nut (9) to 35-45 Ib ft (47-61 N-m). 


7. Rotate spindle (4) five full rotations clockwise and five full rotations counterclockwise to properly 
seat bearings. 


8. Loosen retaining nut (9) until it is finger-tight, then retighten nut to 23-27 |b-ft (31-37 N-m). 
WARNING 


Ensure locktab on lockwasher is bent completely into slot on 
retaining nut. Eight-slotted retaining nut provides additional 
security by enabling two locktabs on lockwasher to be bent into 
slots on retaining nut. Failure to do this may cause injury to per- 
sonnel or damage to equipment. 


NOTE 


¢ For new configuration, two locktabs on lockwasher must be 
bent into slots on retaining nut. 


e It may be necessary to slightly loosen or tighten retaining nut 
to gain proper alignment with locktabs. 


9. Determine which locktab(s) (10) on lockwasher (8) aligns with slot(s) (11) in retaining nut (9). Bend 
locktab(s) (10) into slot(s) (11) on retaining nut (9). 


SPINDLE SEAL 
INSTALLER 


DRIVER 
HANDLE 


(Doc 
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6-11. GEARED HUB SPINDLE SEAL REPLACEMENT (Cont'd) 


RETAINING 
NUT WRENCH 


NEW 
CONFIGURATION 
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6-11. GEARED HUB SPINDLE SEAL REPLACEMENT (Cont'd) 


10. 


Ti, 


12. 
13. 
14. 


CAUTION 


When installing steering arm cover, ensure Seal in cover is 
aligned on spindle extension. Damage to seal will result. 


NOTE 
Immediately install steering arm cover after application of sealing 
compound. 


Clean sealing surfaces on geared hub (1) and steering arm cover (2). Apply anaerobic sealing com- 
pound to steering arm cover (2) and install steering arm cover (2) on geared hub (1). 


Apply sealing compound to threads of capscrews (4) and install steering arm cover (2) on geared 
hub (1) with four washers (3) and capscrews (4). Tighten capscrews (4) to 65 Ib-ft (88 N-m). 


Remove fill plug (5) and washer (6) from geared hub (1). 


Fill geared hub (1) to proper oil level (para. 2-12). 
Install washer (6) and fill plug (5) on geared hub (1). Tighten fill plug (5) to 8-13 Ib-ft (11-18 N-m). 


FOLLOW-ON TASK: Install wheel[(para. 8-3). 
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6-12. GEARED HUB SPINDLE BEARING ADJUSTMENT 


This task covers: 


Adjustment 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: TM _ 9-2320-387-10 
automotive (Appendix B, Item 1) TM _ 9-2320-387-24P 
Maintenance and repair shop equipment: ; . 
automotive (Appendix B, Item 2) Equipment Condition 
Wheel removed (para. 8-3). 
Special Tools Maint Level 
Wrench (Appendix B, Item 108) 717 
Materials/Parts 


General Safety Instructions 


Ensure locktab on lockwasher is bent completely 
into slot on retaining nut. 


Lockwasher (Appendix G, Item 218) 
Sealing compound (Appendix C, Item 58) 
Sealing compound (Appendix C, Item 62) 
Grease (Appendix C, Item 34) 


Adjustment 


NOTE 
Have drainage container ready to catch oil. 


1. Remove drainplug (2) from geared hub (1) and drain geared hub (1). Install drainplug (2) in geared 
hub (1) and tighten to 8-13 Ib-ft (11-18 N-m). 


2. Remove four capscrews (5), washers (4), and steering arm cover (3) from geared hub (1). 
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6-12. GEARED HUB SPINDLE BEARING ADJUSTMENT (Cont'd) 


NOTE 
For new configuration, two locktabs on lockwasher must be bent 
away from retaining nut for removal. 
3. Bend locktab(s) (5) on lockwasher (2) away from retaining nut (3). 


4. Using retaining nut wrench, remove retaining nut (3) and lockwasher (2) from spindle (1). Discard 
lockwasher (2). 


NOTE 
If four-slotted retaining nut TN-07 is present, it is recommended 
to replace it with eight-slotted retaining nut 12342680. 
5. Apply grease to face of retaining nut (3) and install lockwasher (2) and retaining nut (3) on 
spindle (1). 
6. Using retaining nut wrench, tighten retaining nut (3) to 35-45 Ib-ft (47-61 N-m). 
7. Rotate spindle (1) five full rotations clockwise and five full rotations counterclockwise to properly 
seat bearings. 


8. Loosen retaining nut (3) until it is finger-tight, then retighten nut to 23-27 |b-ft (31-37 N-m). 


WARNING 


Ensure locktab on lockwasher is bent completely into slot on 
retaining nut. Eight-slotted retaining nut provides additional 
security by enabling two locktabs on lockwasher to be bent into 
slots on retaining nut. Failure to do this may cause injury to 
personnel or damage to equipment. 


NOTE 


¢ For new configuration, two locktabs on lockwasher must be 
bent into slots on retaining nut. 


e It may be necessary to slightly loosen or tighten retaining nut 
to gain proper alignment with locktabs. 


9. Determine which locktab(s) (5) on lockwasher (2) aligns with slot(s) (4) in retaining nut (3). Bend 
locktab(s) (5) into slot(s) (4) on retaining nut (3). 


NEW 
CONFIGURATION 


RETAINING NUT 
WRENCH 


6-36 Change 1 


TM 9-2320-387-24-1 


6-12. GEARED HUB SPINDLE BEARING ADJUSTMENT (Cont'd) 


10. 


Ti. 


12. 
13: 
14. 


CAUTION 
When installing steering arm cover, ensure Seal in cover is 
aligned on spindle extension. Damage to seal will result if not 
aligned. 


NOTE 
Immediately install steering arm cover after application of sealant. 


Clean sealing surfaces on geared hub (6) and steering arm cover (9). Apply anaerobic sealant to 
steering arm cover (9) and install steering arm cover (9) on geared hub (6). 


Apply sealing compound to threads of four capscrews (11) and install steering arm cover (9) on 
geared hub (6) with four washers (10) and capscrews (11). Tighten capscrews (11) to 65 Ib-ft 
(88 N-m). 


Remove fill plug (7) and washer (8) from geared hub (6). 


Fill geared hub (6) to proper oil level (para. 2-12). 


Install washer (8) and fill plug (7) on geared hub (6). Tighten fill plug (7) to 8-13 Ib-ft (11-18 N-m). 


FOLLOW-ON TASK: Install wheel[(para. 8-3). 
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6-13. WHEEL STUD REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: Wheel removed[(para. 8-3). 


aut tive (Appendix B, Item 1 
a ee aes General Safety Instructions 


Materials/Parts Always wear eye protection when replacing 
Hex-nut (Appendix G, Item 106) wheel studs. 

Manual References Manittnance tere 

¥, t OQ 4P Unit 


WARNING 


Always wear eye protection when replacing wheel studs. Severe 
eye injury may result if metal chips contact eyes. 


a. Removal 


1. Rotate spindle (3) to allow clearance for removal of stud (4) from spindle (3). 
2. Drive stud (4) from spindle (3). Discard stud (4). 


b. Installation 


1. Align splines on stud (4) with splines in spindle (3) and install stud (4) in spindle (3). 
2. Install three washers (2) and hex-nut (1) on stud (4). 

3. Tighten hex-nut (1) until head of stud (4) seats against spindle (3). 

4. Remove hex-nut (1) and washers (2). Discard hex-nut (1). 


FOLLOW-ON TASK: Install wheel(para. 8-3). 
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6-14. DIFFERENTIAL VENT LINE REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Maintenance Level 
General! mechanic’s tool kit: Unit 


automotive (Appendix B, Item 1) 


Manual References 


1 9-2320-387-24P 


NOTE 


The replacement procedure for differential vent lines is basically 
the same. This procedure covers the rear differential vent line. 


a. Removal 


1. Remove vent line (7) from differential fitting (6) and union fitting (1). 
2. Remove two line clips (2) from vent line (3) and brake line (5). 
3. Remove vent line (3) from union fittings (1) and (4). 


b. Installation 


1. Install vent line (3) on union fittings (1) and (4). 
2. Install two line clips (2) on vent line (3) and brake line (5). 
3. Install vent line (7) on differential fitting (6) and union fitting (1). 
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6-15. REAR GEARED HUB VENT LINE REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Maintenance Level 
General mechanic’s tool kit: Unit 


automotive (Appendix B, Item 1) 


Manual References 


TM 9-2320-387-24F 


NOTE 


The replacement procedure for each rear geared hub vent line is 
basically the same. This procedure covers the right rear geared hub 
vent line. 


a. Removal 


oe ey 


o 


Disconnect vent line (4) from geared hub fitting (3). 

Remove capscrew (7), clamp (6), and vent line (4) from bracket (5). 
Remove capscrew (8), clamp (1), and vent line (4) from control arm (2). 
Remove capscrew (10), clamp (9), and vent line (4) from bracket (11). 
Remove capscrew (15), clamp (14), and vent line (4) from frame (13). 
Remove vent line (4) from tee fitting (12). 


. Installation 


eee ie 


ou 
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Install vent line (4) on tee fitting (12) and geared hub fitting (3). 
Install vent line (4) on frame (13) with clamp (14) and capscrew (15). 
Install vent line (4) on bracket (11) with clamp (9) and capscrew (10). 
Install vent line (4) on control arm (2) with clamp (1) and capscrew (8). 


NOTE 


Position clamp at a 45° angle toward the wheel before securing 
with capscrew. 


Install vent line (4) on bracket (5) with clamp (6) and capscrew (7). 
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6-15. REAR GEARED HUB VENT LINE REPLACEMENT (Cont'd) 


eee 
\ / 


ye Fe 


6-4] 


TM 9-2320-387-24-1 


6-16. FRONT GEARED HUB VENT LINE REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: Wheel removed|(para. 8-3). 


ive (A dix B, Item 1 
automotive (Appendix em 1) Maintenance Level 


Manual References Unit 


9-2320-387-24F 


a. Removal 


NOTE 


e The replacement procedure for each front geared hub vent line 
is basically the same. This procedure covers the right front 
geared hub vent line. 


e Mark clamp position before loosening to ensure clamps are 
properly positioned during installation. 
1. Remove four screws (7) and clamps (3) from frame (13), front control arm (2), and geared hub (8). 
2. Loosen two clamps (6) and disconnect front vent line (4) from elbow (5) and tee fitting (1). 
3. Remove nut (12), washer (11), screw (10), clamp (9), and front vent line (4) from contro! arm (2). 


b. Installation 


1. Install clamp (9) and front vent line (4) on control arm (2) with screw (10), washer (11), and nut (12). 
2. Connect vent line (4) to elbow (5) and tee fitting (1) with two clamps (6). 


3. Install vent line (4) and four clamps (3) on geared hub (8), control arm (2), and frame (13) with four 
screws (7). 
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6-16. FRONT GEARED HUB VENT LINE REPLACEMENT (Cont'd) 


FOLLOW-ON TASK: Install wheel[(para. 8-4). 
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6-17. STEERING STOP MAINTENANCE 


This task covers: 


a. Removal c. Adjustment 
b. Installation 


INITIAL SETUP: 

Tools Personnel Required 

General mechanic's tool kit: One mechanic 
automotive (Appendix B, Item 1) One assistant 
Maintenance and repair shop equipment: 
- automotive (Appendix B, Item 2) Manual References 
TM 9-2320-387-24F 

Materials/Parts 
Sealing compound (Appendix C, Item 62) Maintenance Level 
Chalk (Appendix C, Item 20) Unit 


a. Removal 


ud 
2 


b 


Loosen jamnut (2) and remove steering stop capscrew (3) and jamnut (2) from geared hub (1). 
Remove jamnut (2) from capscrew (3). 


Installation 


1 
2 
3 


Apply sealing compound to capscrew (3). 
Install jamnut (2) on capscrew (3). 
Install capscrew (3) and jamnut (2) on geared hub (1). Tighten capscrew (3) finger-tight. 


c. Adjustment 


Se oe 
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NOTE 


Prior to adjustment, ensure length of each tie rod is the same. If 
tie rod lengths are not the same + 1/8 in. (3 mm), check toe-in 
alignment |(para. 8-9). 


Draw a reference chalk line (6) 30 ft. long (9 m). Mark this line A. 


Position vehicle so that center of left rear and left front tires are positioned directly on reference 
line A (6). 


Using a protractor, draw a second reference line B (5) at 34°. Mark this line B. 

Again, using a protractor, draw a third reference line C (4) at 36°. Mark this line C. 

Roll vehicle forward until! center of left front tire is over intersection of lines A, B, and C. 
Turn steering wheel full left. 


If the centerline of front and rear of left front tire (7) is over area between lines B and C, no 
adjustment is necessary. 


If centerline of front and rear of left front is not over area between lines B and C, loosen 
jamnut (2) and turn capscrew (3) all the way in. 


Turn steering wheel until centerline of front and rear of tire (7) is over area between lines B and C. 
Loosen capscrew (3) until head makes contact with wheel stop (9) on lower control arm (8). 

Secure capscrew (3) with jamnut (2). 

Repeat adjustment procedure for opposite side. 
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6-17. STEERING STOP MAINTENANCE (Cont'd) 
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6-18. DIFFERENTIAL COVER MAINTENANCE 


This task covers: 
a. Removal c. Installation 
b. Cleaning and Inspection 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: TM 9-2320-387-24F 
automotive (Appendix B, Item 1) . 
Maintenance and repair shop equipment: General Safety Instructions 
automotive (Appendix B, Item 2) Drycleaning solvent is flammable and will not be 
used near an open flame. 
Materials/Parts 
RTV silicone compound (Appendix C, Item 74) Maintouane: Level 
Drycleaning solvent (Appendix C, Item 26) Unit 


NOTE 
Have drainage container ready to catch fluid. 


a. Removal 


1. Remove drainplug (3) from differential assembly (4) and drain differential assembly (4). 
2. Remove twelve capscrews (2) and cover (1) from differential assembly (4). 


b. Cleaning and Inspection 


WARNING 


Drycleaning solvent is flammable and will not be used near an 
open flame. A fire extinguisher will be kept nearby when the 
solvent is used. Use only in well-ventilated places. Failure to do 
this may result in injury to personnel and/or damage to equipment. 


1. Using drycleaning solvent, clean differential cover (1), twelve capscrews (2), and differential 
assembly (4). r* 


2. Inspect differential cover (1) for cracks, wear, or breaks. Replace cover (1) if cracked, worn, or 
broken. 


1. Apply RTV sealant to sealing surface of cover (1) and install cover (1) on differential assembly (4) 
with twelve capscrews (2). Tighten capscrews (2) to 16 Ib-ft (22 N-m). 


2. Install drainplug (3) into differential assembly (4) and tighten drainplug (3) to 13-18 lb-ft 
(18-24 N-m). 
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6-18. DIFFERENTIAL COVER MAINTENANCE (Cont'd) 


FOLLOW-ON TASK: Fill differential to proper level (para. 2-12). 
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6-19. SUSPENSION MAINTENANCE TASK SUMMARY 


TASK 
PARA. 


a 
NS 
pun 


? 2) [> 
bd 1 wo) 
29 |S ASIN & 


Section lil. SUSPENSION MAINTENANCE 


PROCEDURES 


Stabilizer Bar Replacement 
Stabilizer Bar Link Replacement 
Radius Rod Replacement 

Upper Ball Joint Maintenance 
Lower Ball Joint Maintenance 
Upper Control Arm Replacement 
Lower Control Arm Replacement 
Coil Spring Replacement 

Shock Absorber Replacement 
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6-20. STABILIZER BAR REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: TM 9-2320-387-24P 


automotive (Appendix B, Item 1) 
. Maintenance Level 


Materials/Parts Unit 


Two locknuts (Appendix G, Item 117) 


a. Removal 


1. 


2: 
3. 


Remove two locknuts (1), nuts (5), and six washers (2) from two bar links (3) and stabilizer bar (11). 
Discard locknuts (1). Remove two bar links (3) and pins (4) from stabilizer bar (11). 


Remove four nuts (9), washers (10), two clamps (8), and stabilizer bar (11) from two frame brackets (6). 
Remove two stabilizer bar bushings (7) from stabilizer bar (11). 


b. Installation 


ae 


» 9 


Install two stabilizer bar bushings (7) on stabilizer bar (11). 


Install stabilizer bar (11) on two frame brackets (6) with two clamps (8), four washers (10), and nuts (9). 
Tighten nuts (9) to 60 lb-ft (81 N-m). 


Install two pins (4) in bar links (8). 


Install stabilizer bar (11) on two bar links (3) with six washers (2), two nuts (5), and locknuts (1). 
Tighten locknuts (1) to 75 lb-ft (102 N-m). 
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6-21. STABILIZER BAR LINK REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: (TM 9-2320-387-24P 


automotive (Appendix B, Item 1) 
: Maintenance Level 
Materials/Parts Unit 


Locknut (Appendix G, Item 117) 
Sealing compound (Appendix C, Item 63) 


a. Removal 


1. Remove locknut (1) and two washers (2) from bar link (3) and stabilizer bar (4). Discard locknut (1). 
2. Remove capscrew (5), two washers (6), and bar link (3) from lower control arm (7). 


b. Installation 


1. Apply sealing compound to threads of capscrew (5). Install bar link (3) on lower control arm (7) with 
two washers (6) and capscrew (5). Tighten capscrew (5) to 70 lb-ft (95 N-m). 


2. Install bar link (3) on stabilizer bar (4) with two washers (2) and locknut (1). Tighten locknut (1) to 
75 lb-ft (102 N-m). 
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6-22. RADIUS ROD REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: TM 9-2320-387-10 
automotive (Appendix B, Item 1) TM 9-2320-387-24P 


Maintenance and repair shop equipment: 


automotive (Appendix B, Item 2) Equipment Condition 


Wheel removed [(para. 8-3). 


Materials/Parts ; 
Cotter pin (Appendix G, Item 34) aranuenance TEve Level 
Locknut (Appendix G, Item 130) Unit 


a. Removal 


1. Remove cotter pin (7), slotted nut (6), and washer (5) from radius rod (4) and geared hub (8). 
Discard cotter pin (7). 


2. Remove locknut (9), washer (2), capscrew (1), washer (2), and radius rod (4) from bracket (3) and 
geared hub (8). Discard locknut (9). 


b. Installation 


1. Install radius rod (4) on bracket (3) with washer (2), capscrew (1), washer (2), and locknut (9). 


CAUTION 


Do not loosen slotted nut to install cotter pin. Doing this may 
result in damage to equipment. 


2. Install radius rod (4) on geared hub (8) with washer (5) and slotted nut (6). Tighten slotted nut (6) 
to 70 Ib-ft (95 N-m). Install cotter pin (7). 


3. Tighten locknut (9) to 260 Ib-ft (353 N-m). 


FOLLOW-ON TASKS: ¢ Lubricate radius roc (TM 9-2320-387-10 
¢ Install wheel [para. 8-3). 
¢ Adjust rear wheel toe-out alignment (para. 8-10). 
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6-23. UPPER BALL JOINT MAINTENANCE 


This task covers: 


a. Inspection c. Installation 
b. Removal 
INITIAL SETUP: 
Tools Personnel Required 
General mechanic's tool kit: One mechanic 
automotive (Appendix B, Item 1) One assistant 
Maintenance and repair shop equipment: 
automotive (Appendix B, Item 2) Manual References 
; TM 9-2320-387-10 
Special Tools TM _9-2320-387-24P 
Socket adapter (Appendix B, Item 135) 
Crowfoot, 15/16 in. (Appendix B, |tem 140) Maintenance Level 
Unit 
Materials/Parts 


Cotter pin (Appendix G, Item 34) 
Four locknuts (Appendix G, Item 116) 


1. Chock rear wheels. 
2. Raise and support front wheels 2 in. (5.1 cm) off ground. 
NOTE 
If boot is ripped or torn, upper ball joint is unserviceable. 
3. Visually inspect ball joint boot (7), and replace upper ball joint (2) if boot is ripped or torn. 


4. Grasp top of tire and attempt to move tire in and out. Observe upper control arm (1) and gear 
hub (3) where upper ball joint (2) is mounted. If lateral movement is observed, upper 
ball joint (2) may be worn. 


5. Remove wheell(para. 8-3}. 
6. Remove cotter pin (5) and slotted nut (4) from upper ball joint stud (6). Discard cotter pin (5). 


7. Separate upper control arm (1) from geared hub (3) at upper ball joint (2) end and push geared 
hub (3) to one side. 


8. Install slotted nut (4) on threaded end of upper ball joint stud (6) until it bottoms out on taper of 
upper ball joint (2). 


9. Using crowfoot and adapter, tighten slotted nut (4) and observe torque reading. If torque reading is 
below 20 Ib-in. (2.3 N-m), upper ball joint (2) is unserviceable and must be replaced. Remove slotted 
nut (4), and go to task b. 


10. If torque reading is above 20 Ib-in. (2.3 N-m), upper ball joint (2) is serviceable. Go to task c. 


6-52 Change 1 


TM 9-2320-387-24-1 


6-23. UPPER BALL JOINT MAINTENANCE (Cont'd) 


Change 1 6-52.1 q 
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6-23. UPPER BALL JOINT MAINTENANCE (Cont'd) 


1. Remove cotter pin (7) and slotted nut (6) from upper ball joint (4) and geared hub (5). Discard cotter 
pin (7). 


2. Remove four locknuts (3), washers (2), capscrews (8), washers (2), upper ball joint (4), and upper 
control arm (1) from geared hub (5). Discard locknuts (3). 


c. Installation 


1. Install upper ball joint (4) and upper control arm (1) on geared hub (5) with four washers (2), 
| capscrews (8), washers (2), and locknuts (3). Tighten locknuts (3) to 26-30 Ib-ft (35-41 N-m). 


CAUTION 


Do not loosen slotted nut to install cotter pin. Doing this may 
result in damage to equipment. 


2. Install slotted nut (6) on upper ball joint (4). Using crowfoot and adapter, tighten slotted nut (6) to 
a 73 |b-ft (99 N-m). Install cotter pin (7). 
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6-23. UPPER BALL JOINT MAINTENANCE (Cont'd) 


FOLLOW-ON TASKS: ¢ Lubricate upper ball joint (TM 9-2320-387-10). 
¢ Install wheel { 8-3). 
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6-24. LOWER BALL JOINT MAINTENANCE 


This task covers: 


a. Inspection c. Installation 
b. Removal 
INITIAL SETUP: 
Tools Personnel Required 
General mechanic's tool kit: One mechanic 
automotive (Appendix B, Item 1) One assistant 
Maintenance and repair shop equipment: 
automotive (Appendix B, Item 2) Manual References 
Puller, mechanical (Appendix B, Item 157) TM 9-2320-387-10 
, TM 9-2320-387-24P 
Special Tools 
Socket adapter (Appendix B, Item 135) Maintenance Level 
Crowfoot, 15/16 in. (Appendix B, Item 140) Unit 
Materials/Parts 


Cotter pin (Appendix G, Item 34) 
Four locknuts (Appendix G, Item 116) 


1. 
2. 
2 


Chock rear wheels. 
Raise and support front wheels 2 in. (5.1 cm) off ground. 


Mark a line across top screw (11) of steering arm cover (10). Mark should be parallel with lower 
control arm (9). 


Set a 6-in. (15-cm) ruler upright between lower control arm (9) and marked screw (11). 


Install prybar between lower control arm (9) and geared hub (5). Push down on prybar and try to 
move geared hub (5). 


Measure any movement in geared hub (5). Replace lower ball joint (3) if any movement is more 
than 3/8 in. (10 mm) or more. 


1. 
Lt 
2. 


3. 


4. 


Remove wheel (para 8-3). 
Raise and support lower control arm (9). 
Remove cotter pin (7) and slotted nut (6) from ball joint (3) and geared hub (5). Discard cotter pin (7). 
NOTE 
Note direction of inner and outer capscrews for installation. 


Remove four locknuts (2), washers (1), capscrews (8), and washers (1) from ball joint (3) and control 
arm (9). Discard locknuts (2). 


Using puller, remove ball joint (3) with boot retainer (4) from geared hub (5). 


c. Installation 


6-54 


NOTE 


Ensure outer capscrews are installed from top down and inner 
capscrews are installed from bottom up. 


Install ball joint (3) with boot retainer (4) on control arm (9), ensuring ball joint (3) is placed below 
control arm (9), with four washers (1), capscrews (8), washers (1), and locknuts (2). Tighten 
locknuts (2) to 60-65 Ib-ft (81-88 N-m). 
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6-24. LOWER BALL JOINT MAINTENANCE (Cont'd) 


CAUTION 


Do not loosen slotted nut to install cotter pin. Doing this may 
result in damage to equipment. 


2. Install ball joint (3) on geared hub (5) with slotted nut (6). Tighten slotted nut (6) to 73 lb-ft (99 N-m). 
Install cotter pin (7) in slotted nut (6). 


FOLLOW-ON TASKS: ¢ Lubricate lower ball joint (TM 9-2320-387-10). 
e Install wheel [para. 8-3}. 
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6-25. UPPER CONTROL ARM REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP 
Tools Manual References 
General mechanic's tool kit: "TM 9-2320-387-10 
automotive (Appendix B, Item 1) "TM 9-2320-387-24P 


Maintenance and repair shop equipment: 
automotive (Appendix B, Item 2) 
Puller, mechanical (Appendix B, Item 157) 


Materials/Parts 


Four locknuts (Appendix G, Item 116) 
Cotter pin (Appendix G, Item 34) 


Equipment Condition 
e Wheel removed (para. 8-3). 


¢ Hood raised and secured ( 
(front upper control arm only). 


Maintenance Level 


Lockwasher (Appendix G, Item 217) Unit 
Two locknuts (Appendix G, Item 130) 
Sealing compound (Appendix C, Item 59) 

NOTE 


The replacement procedure for front and rear upper control arms 
is basically the same. This procedure covers the left front upper 
control arm. 


a. Removal 


Remove capscrew (1), washer (2), and vent line bracket (3) from geared hub (4). 

Loosen clamp (6) and disconnect vent line (5) from fitting (7). 

Remove capscrew (21), clamp (20), and vent line (5) from upper control arm (15). 

Remove nut (25), clamp (24), capscrew (23), washer (22), and vent line (5) from upper control arm (15). 
Remove cotter pin (31), slotted nut (32), and washer (33) from tie rod end (30). Discard cotter pin (31). 
Using puller, disconnect tie rod end (30) from geared hub (4). 


Remove access plug (8), washer (9), halfshaft retaining capscrew (10), and lockwasher (11) from 
halfshaft (29) and geared hub (4). Discard lockwasher (11). 


8. Remove four locknuts (14), washers (12), capscrews (26), and washers (12) from upper ball joint (13) 
and upper control arm (15). Discard locknuts (14). 


9. Remove cotter pin (27), slottled nut (28), and upper ball joint (13) from control arm (15) and geared 
hub (4). Discard cotter pin (27). 


10. Remove two locknuts (16), washers (17), capscrews (19), washers (17), and upper control arm (15) 
from two brackets (18). Discard locknuts (16). 


b. Installation 


Le ae a 


NOTE 


On front control arms, capscrew head is toward rear of vehicle. On 
rear control arms, capscrew head is toward front of vehicle. 


1. Install upper control arm (15) on two brackets (18) with two washers (17), capscrews (19), 
washers (17), and locknuts (16). 


2. Install upper ball joint (13) on upper control arm (15) with four washers (12), capscrews (26), 
washers (12), and locknuts (14). 


3. Install upper ball joint (13) on upper control arm (15) and geared hub (4) with slotted nut (28). 
4. Tighten slotted nut (28) on upper ball joint (13) to 65 Ib-ft (88 N-m). Install cotter pin (27). 
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6-25. UPPER CONTROL ARM REPLACEMENT (Cont'd) ie 


5. Tighten locknuts (16) to 260 lb-ft (353 N-m). 


6. Apply sealing compound to halfshaft retaining capscrew (10) and install halfshaft (29) on geared 
hub (4) with lockwasher (11) and halfshaft retaining capscrew (10). Tighten capscrew (10) to 37 lb-ft 
(50 N-m). 


7. Install washer (9) and access plug (8) on geared hub (4). Tighten access plug (8) to 8-13 lb-ft (11-18 N-m). 


CAUTION 
Do not loosen slotted nut to install cotter pin. Doing this may 
result in damage to equipment. 
8. Install tie rod end (30) on geared hub (4) with washer (33) and slotted nut (32). Tighten slotted 
nut (32) to 70 lb-ft (95 N-m) and install cotter pin (31). 
9. Connect vent line (5) to fitting (7) and tighten clamp (6). 


NOTE 


If installing vent line bracket on left front geared hub, bend 
bracket 30° (from standard 90° angle to 120°) before installation. 


10. Install vent line bracket (3) on geared hub (4) with washer (2) and capscrew (1). Tighten capscrew (1) 
to 38 lb-ft (52 N-m). 


11. Install clamp (20) and vent line (5) on upper control arm (15) with capscrew (21). 


12. Install clamp (24) and vent line (5) on upper control arm (15) with washer (22), capscrew (23), and 
nut (25). 


FOLLOW-ON TASKS: ¢ Install wheel 


e Lower and secure hood (TM 9-2320-387-10) (front upper control arm only). 
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6-26. LOWER CONTROL ARM REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: M 9-2320-387-24E 
automotive (Appendix B, Item 1) ; a 
Maintenance and repair shop equipment: Equipment Condition 
automotive (Appendix B, Item 2) ¢ Wheel removed (para. 8-3). 
Materjals/Parts e Shock absorber removed |(para. 6-28). 
Four locknuts (Appendix G, Item 114) General Safety Instructions 
Two locknuts (Appendix G, Item 128) Lower control arm must be supported during 
Sealing compound (Appendix C, Item 63) _ removal and installation. 
Personne! Required Maintenance Level 
One mechanic Unit 
One assistant 
WARNING 


Lower control arm must be supported during removal and 
installation. Failure to support lower control arm may cause injury 
to personnel or damage to equipment. 


NOTE 


The replacement procedure for front and rear lower control arms is 
basically the same. This procedure covers the left front lower control 
arm. 


NOTE 
Note direction of inner and outer capscrews for installation. 


1. Remove four locknuts (10), washers (9), capscrews (8), and washers (7) from lower ball joint (6), 
geared hub (5), and lower control arm (11). Discard locknuts (10). 


Remove capscrew (15), two washers (13), and bar link (14) from lower control arm (11). 
Raise and support lower control arm (11) and pull geared hub (5) away. 
Lower control arm (11) and remove coil spring (4). 


Remove two locknuts (3), washers (2), capscrews (1), washers (2), and lower control arm (11) from 
two brackets (12). Discard locknuts (3). 


b. Installation 
NOTE 


On lower control arms, capscrew heads are toward front of vehicle. 


1. Install lower control arm (11) on two brackets (12) with two washers (2), capscrews (1), washers (2), 
and locknuts (3). 


2. Install coil spring (4) on lower control arm (11), ensuring end of coil spring (4) fits in spring pocket of 
lower control arm (11). 


oR wh 
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6-26. LOWER CONTROL ARM REPLACEMENT (Cont'd) 


WARNING 


Lower control arm must be supported during removal and 
installation. Failure to support lower control arm may cause injury 
to personnel or damage to equipment. 


3. Raise lower control arm (11) to align with geared hub (5) and lower ball joint (6), ensuring ball joint (6) 
is placed below lower control arm (11). 
NOTE 


Ensure outer capscrews are installed from top down and inner 
capscrews are installed from bottom up. 


4. Install geared hub (5) and ball joint (6) on lower control arm (11) with four washers (7), capscrews (8), 
washers (9), and locknuts (10). Tighten locknuts (10) to 60 lb-ft (81 N-m). 


5. Tighten two locknuts (3) to 260 lb-ft (853 N-m). 
6. Install wheel (para. 8-3). 


7. Apply sealing compound to threads of capscrew (15). Install bar link (14) on lower control arm (11) 
with two washers (13) and capscrew (15). Tighten capscrew (15) to 70 lb-ft (95 Nem). 


FOLLOW-ON TASK: Install shock absorber[(para. 6-28). 
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6-27. COIL SPRING REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 


Tools 


General mechanic’s tool kit: 
automotive (Appendix B, Item 1) 


Equipment Condition 
¢ Hood raised and secured (front springs only) 


(TM 9-2320-387-10). 
Materials/Parts e Shelter removed (M1113 only) (rear springs only) 
Locknut (Appendix G, Item 118) (para. 11-78). 
Four locknuts (Appendix G, Item 116) General Safety Instructions 
Sealing compound (Appendix C, Item 63) Lower control arm must be supported during 
Manual References removal and installation. 
Mg 0-38 7-10 Maintenance Level 
MY 0-30 1-24 Unit 
NOTE 


The replacement procedure for all four coil springs is basically the 
same. This procedure covers the left front coil spring. 


1. Remove capscrew (13), two washers (14), and stabilizer bar link (15) from lower control arm (12). 
2. Remove wheel((para. 8-3). 
NOTE 
Note direction of inner and outer capscrews for installation. 
3. Remove four locknuts (10), washers (8), capscrews (9), and washers (8) from lower ball joint (7), 
geared hub (6), and lower control arm (12). Discard locknuts (10). 
WARNING 


Lower control arm must be supported during removal and 
installation. Failure to support lower control arm may cause injury 
to personnel or damage to equipment. 


4. Place jack under lower control arm (12) and raise lower control arm (12) slightly to relieve tension 
on shock retaining pin (2). 
NOTE 


For rear coil spring replacement, it may be necessary to spread frame 
from body by positioning prybar between hinge mount bracket and rear 
bumper to gain access to shock absorber retaining pin nut. 


5. Remove locknut (5), retaining pin (2), washer (3), and shock absorber (11) from spring seat (4) and 
collapse shock absorber (11). Discard locknut (5). 


NOTE 


It may be necessary to loosen lower contro! arm capscrews to allow 
lower control arm to be lowered. 


6. Pull geared hub (6) and ball joint (7) away from lower control arm (12), lower the control arm (12), 
and remove coil spring (1) from lower control arm (12) and shock absorber (11). 
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6-27. COIL SPRING REPLACEMENT (Cont'd) 


1. Install coil spring (1) over shock absorber (11) and onto lower control arm (12), ensuring end of coil 
spring (1) fits in spring pocket of lower control arm (12). 


2. Ensure coil spring (1) is aligned with flange of spring seat (4) and raise lower control arm (12). 
3. Extend shock absorber (11) into spring seat (4) and install washer (3), retaining pin (2), and 
locknut (5). Tighten locknut (5) to 300 lb-ft (407 N-m). 
NOTE 
Ensure outer capscrews are installed from top down and inner 
capscrews are installed from bottom up. 


4. Install lower ball joint (7) and geared hub (6) on lower control arm (12), ensuring lower ball joint (7) 
is placed below lower control arm (12). Secure with four washers (8), capscrews (9), washers (8), and 
locknuts (10). Tighten locknuts (10) to 60 lb-ft (81 N-m). 


5. Install wheel (para. 8-3}. 


6. Apply sealing compound to threads of capscrew (13). Install stabilizer bar link (15) to lower control 
arm (12) with two washers (14) and capscrew (13). Tighten capscrew (13) to 70 lb-ft (95 N-m). 


FOLLOW-ON TASKS: ¢ Lower and secure hood (front springs only) 
* Instal) shelter (M1113 only) (rear springs only) (para. 11-78). 
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6-28. SHOCK ABSORBER REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: TM 9-2320-387-10 
automotive (Appendix B, Item 1) TM 9-2320-387-24P 
Maintenance and repair shop equipment: Fauisment CoudiGon 
automotive (Appendix B, Item 2) ——r———eer 
Drive socket, 3/4 in. (Appendix B, Item 158) ° aay raised and secured (front shock absorbers 
only) (‘TM 9-2320-387-10). 
Materials/Parts e Shelter removed (M1113 only) (rear shock 
Four locknuts (Appendix G, Item 118) absorbers only) (para. 11-78). 


Two lockwashers (Appendix G, Item 219) 


Cotter pin (Appendix G, Item 34) Maintenance Level 


Unit 
Personnel Required 
One mechanic 
One assistant 
NOTE 


The replacement procedure for all shock absorbers is the same 
except rear lower shock pins must be installed with head of pin 
facing rearward. This procedure covers the left rear shock 
absorber. 


a. Removal 


NOTE 


For rear shock absorber replacement on M1113 models, it may be 
necessary to spread frame from body by positioning prybar 
between hinge mount bracket and rear bumper to gain access to 
shock absorber retaining pin nut. Perform steps 1 and 2 only if 
required. 


1. Remove cotter pin (9), slotted nut (8), washer (7), and shackle (4) from body mount bracket (3) and 
rear bumper (6). Discard cotter pin (9). 


2. Remove two locknuts (1), washers (2), capscrews (5), washers (2), and body mount bracket (3) from rear 
bumper (6). Discard locknuts (1). 
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6-28. SHOCK ABSORBER REPLACEMENT (Cont'd) 
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6-28. SHOCK ABSORBER REPLACEMENT (Cont'd) 


3. Remove two capscrews (10), lockwashers (9), and washers (8) from bracket (11) and lower control 
arm (6). Discard lockwashers (9). 


NOTE 
Note position of pin for installation. 
4. Remove locknut (5), pin (2), and washer (3) from shock absorber (1) and spring seat (4). Discard 
locknut (5). 
5. Compress shock absorber (1) and remove shock absorber (1) and bracket (11). 
NOTE 
Note alignment of shock absorber and bracket for installation. 


6. Position shock absorber (1) in vise, and remove locknut (7), pin (13), washer (12), and bracket (11) 
from shock absorber (1). Discard locknut (7). 


b. Installation 
NOTE 


e It may be necessary to spread spring seat to allow installation of 
shock absorber. 


e Shock absorbers are marked FRONT or REAR to aid 
identification. 


1. Position shock absorber (1) in vise, and install bracket (11) on shock absorber (1) with washer (12), 
pin (13), and locknut (7). Tighten locknut (7) to 300 lb-ft (407 N-m). 


CAUTION 


Do not pry or use sharp tools on shock absorber position rod. A 
damaged rod will cause shock failure. 


2. Install shock absorber (1) and bracket (11) through lower control arm (6). 


3. Extend shock absorber (1) and install piston rod end of shock absorber (1) on spring seat (4) with 
washer (3), pin (2), and locknut (5). Tighten locknut (5) to 300 lb-ft (407 N-m). 


4. Install bracket (11) on lower control arm (6) with two washers (8), lockwashers (9), and 
capscrews (10). Tighten capscrews (10) to 178 lb-ft (241 N-m). 
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6-28. SHOCK ABSORBER REPLACEMENT (Cont'd) 
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6-28. SHOCK ABSORBER REPLACEMENT (Cont'd) 


NOTE 
Perform steps 5 through 8 if necessary to reassemble body mount 
bracket to frame and rear bumper. 
5. Install shackle (4) and body mount bracket (3) on rear bumper (6) with washer (7) and slotted nut (8). 
6. Tighten slotted nut (8) and install cotter pin (9). 


7. Secure body mount bracket (3) to rear bumper (6) with two washers (2), capscrews (5), washers (2), 
and locknuts (1). 


8. Tighten locknuts (1) to 90 lb-ft (122 Nem). 


FOLLOW-ON TASKS: ¢ Lower and secure hood (front shock absorbers only) -387-10). 
e Install shelter (M1113 only) (rear shock absorbers 0 ‘ : 
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CHAPTER 7 
BRAKE SYSTEM (UNIT) MAINTENANCE 


Section |. SERVICE BRAKE SYSTEM MAINTENANCE 


7-1. SERVICE BRAKE SYSTEM MAINTENANCE TASK SUMMARY 


TASK PAGE 
PARA. PROCEDURES NO. 
7-2. Service Brake System Bleeding Instructions 


Service Brake Pad Maintenance 

Service Brake Caliper Maintenance 

Master Cylinder Maintenance 

H ydro-Booster Replacement 

Brake Lines Replacement 

Brake Pressure Limiter Valve Replacement 
Service Brake Pedal Replacement 


Proportioning Valve and Differential Valve Replacement 
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Brake Protection Guards Replacement 
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Service Brake Rotor Replacement 
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| 7-2. SERVICE BRAKE SYSTEM BLEEDING INSTRUCTIONS : 


This task covers: 
a. Pressure Bleeding c. Master Cylinder Bleeding 
b. Manual Bleeding 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: ¢ Hood raised and secure , 
automotive (Appendix B, Item 1) e Master linder filled to proper leve 
Materials/Parts en me 
Brake fluid (Appendix C, Item 18) General Safety Instructions 


Personnel Required Always wear eye protection when bleeding brakes. 


One mechanic Maintenance Level 
One assistant (task b. only) Unit 


Manual References 


WARNING 


Always wear eye protection when bleeding brakes. Failure to do 
this may cause injury if brake fluid comes in contact with eyes. 
NOTE 

¢ Ifonly the front or rear half of the system has been serviced, it is 
usually necessary to bleed only that half of the system. However, if 
a firm brake pedal cannot be obtained after bleeding, it will be 
necessary to bleed the entire system. The brake hydraulic system 
can be bled manually or by using a pressure tank and adapters. 
Each method is outlined in the following procedures. 

¢ Bleed brakes in the following order: right rear, left rear, right 
front, left front. 


a. Pressure Bleeding 
CAUTION 


¢ When using a pressure bleeding tank, follow the manufacturer’s 
instructions for its use. Do not exceed the recommended working 
pressure when pressurizing the tank. A tank pressure of 15-20 psi 
(103-138 kPa) is sufficient to bleed the brake hydraulic system. 
Release all air pressure from the tank after using it. 


¢ After refilling pressure bleeding tank with silicone brake fluid, let 
tank sit undisturbed for 30 minutes minimum to ensure all visible 
as well as minute air bubbles are gone. 


NOTE 


This procedure covers bleeding at one wheel. Repeat bleeding task 
for remaining wheels. 


Remove cover from master cylinder (1). 

Install pressure tank bleeder adapter (2) on master cylinder (1). 
Connect line (3) from pressure tank to adapter (2). 

Remove protective cap (5) from bleeder screw (6) on caliper assembly (7). 


Connect short piece of hose (8) to bleeder screw (6) and place other end of hose (8) in container 
3/4-full of brake fluid. 


oe ee 
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7-2. SERVICE BRAKE SYSTEM BLEEDING INSTRUCTIONS (Cont'd) 


6. Open valve (4) on line (3) from pressure tank to master cylinder (1), allowing pressurized brake fluid 
to enter system. 


7. Open bleeder screw (6) 3/4-turn and observe brake fluid in container. Close bleeder screw (6) when 
brake fluid flows free of air bubbles. 


8. Disconnect hose (8) from bleeder screw (6) and install protective cap (5) on bleeder screw (6). 
9. Close valve (4) on line (3) from pressure tank to master cylinder (1). 

10. Disconnect line (3) from adapter (2). 

11. Remove adapter (2) from master cylinder (1) and install cover on master cylinder (1). 


PRESSURE TANK 
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7-2. SERVICE BRAKE SYSTEM BLEEDING INSTRUCTIONS (Cont'd) 
NOTE 


e This procedure covers bleeding at one wheel. Repeat bleeding 
task for remaining wheels. 


e Assistant is required to depress the brake pedal when manually 
bleeding brakes while mechanic opens and closes bleeder screw. 


1. Remove protective cap (1) from bleeder screw (2) on caliper assembly (3). 
2. Connect short piece of hose (4) to bleeder screw (2) and place other end of hose (4) in container 
3/4-full of brake fluid. 
CAUTION 


e Check the master cylinder fluid level frequently during the 
bleeding operation and refill the reservoirs as necessary. Do not 
allow the master cylinder to run out of fluid at any time or 
additional air will be drawn into the system. 


e After adding silicone brake fluid to master cylinder, let cylinder 
sit undisturbed for 30 minutes minimum to ensure all visible as 
well as minute air bubbles are gone. 


Have assistant pump brake pedal toward floor and hold it there. Open bleeder screw (2) 3/4-turn. 
When pedal reaches floor, tighten bleeder screw (2) and have assistant slowly release brake pedal. 
Repeat steps 3 and 4 until fluid flows clear and free of air bubbles. 

Disconnect hose (4) from bleeder screw (2) and install protective cap (1) on bleeder screw (2). 


c. Master Cylinder Bleeding 
NOTE 


Perform this procedure prior to installing master cylinder on vehicle. 
1. Secure master cylinder flange (9) in vise. 
Remove cover (5) and fill reservoirs (6) with silicone brake fluid. 


3. Install threaded end of one bleeder hose (7) into brake line port on master cylinder (10) and insert 
opposite end into reservoir (6). Repeat step for other bleeder hose (7). 


4. Slowly push piston (8) into master cylinder (10). Do not release piston (8). While holding piston (8), 
pinch bleeder hoses (7) off and release piston (8). Piston (8) will return automatically. 
CAUTION 


Whenever the master cylinder is filled with silicone brake fluid, let 
cylinder sit undisturbed for 30 minutes minimum to ensure all 
visible as well as minute air bubbles are gone. 


5. Refill reservoirs (6) with silicone brake fluid and repeat steps 3 and 4 until no air bubbles remain in 
brake fluid. 


6. Remove two bleeder hoses (7) from brake line ports on master cylinder (10). 
Install cover (5) on master cylinder (10) and remove from vise. 
8. Install master cylinder (para. 7-5). 
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7-2. SERVICE BRAKE SYSTEM BLEEDING INSTRUCTIONS (Cont'd) 


FOLLOW-ON TASKS: ¢ Lower and secure hood|(TM 9-2320-387-10). 
* Operate vehicle (TM 9-2320-387-10) and check for proper operation. 
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7-3. SERVICE BRAKE PAD MAINTENANCE 


This task covers: 


a. Removal c. Installation 
b. Cleaning and Inspection 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: TM _9-2320-387-24P 
automotive (Appendix B, Item 1) ; . 
Maintenance and repair shop equipment: Equipment Condition 
automotive (Appendix B, Item 2) Brake protection guards removed (para. 7-11). 


C-clamp (Appendix B, Item 153) 
General Safety Instructions 


Special Tools Ensure brake pads are installed with linings 
Crowfoot, 14-mm (Appendix B, Item 141) facing rotor. 

Materials/Parts Maintenance Level 
Grease (Appendix C, Item 34) Unit 


Sealing compound (Appendix C, Item 63) 
Six two-piece lockwashers 
(Appendix G, Item 240.1) 


a. Removal 


CAUTION 


Caliper must be supported during removal to prevent damage to 
brake hose. 


NOTE 


Perform steps 1 and 2 for right side. Perform steps 3, 4, and 5 for 
left side. 


1. Using crowfoot, remove two capscrews (6), washers (5), clamp (6.1), caliper (3), and yoke (4) from 
adapter (2). 


NOTE 
Note positioning of brake pad surfaces for installation. 
2. Remove two brake pads (1) from adapter (2). 


3. Remove six capscrews (10), two-piece lockwashers (9), and halfshaft (8) from rotor (7). Discard 
two-piece lockwashers (9). 


4. Install two capscrews (10) to hold rotor (7). 


NOTE 
Note positioning of brake pad surfaces for installation. 
5. Remove two brake pads (1) from adapter (2). 
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7-3. SERVICE BRAKE PAD MAINTENANCE (Cont'd) 


LEFT SIDE 
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7-3. SERVICE BRAKE PAD MAINTENANCE (Cont'd) 


1. Clean mating surfaces of caliper (1) and adapter (6) and Iubricate with grease. 


2. Inspect caliper (1) and caliper piston (2) for cracks, pitting, or damage. Replace caliper (1) if 
cracked, pitted, or damaged (ree 


3. Inspect dust boot (3) for tears or deterioration. Replace caliper (1) if dust boot (3) is torn or 
deteriorated oars 7A 


4. Inspect rotor (5) for heat cracks, discoloration, pitting, scoring, or wear. Replace rotor (5) if 
thickness of rotor (5) is less then 13/16 in. (20.7 mm), cracked, pitted, or scored (boa, 


NOTE 
¢ Toensure proper brake function, replace brake pads in pairs on 
both sides of differential. 
¢ Replace brake pads if thickness is less than 3/16 in. (4.8 mm) 
and operation in wet and muddy conditions is expected. 
5. Inspect brake pads (4) for glazing, oil saturation, or wear. If glazed, oil saturated, or if brake pad 
thickness is less than 1/8 in. (3.2 mm), replace both pads (4) and pads on opposite caliper. 
6. Clean output flange threaded holes (5.1) behind rotor (5) with a 10-mm tap to remove old sealing 
compound. 


c. Installation 


WARNING 


Ensure brake pads are installed with linings facing rotor. Failure 
to do this may cause injury to personnel or damage to equipment. 
NOTE 
Perform steps 1 and 2 for right side. Perform steps 3, 4, and 5 for 
left side. 
1. Position two brake pads (4) on adapter (6). 


NOTE 
When installing yoke and caliper, use a C-clamp and a block of 
wood to bottom out piston in caliper. If piston will not bottom out, 
replace caliper (para 7-4). 
2. Apply sealing compound to tapped holes of adapter (6). Using crowfoot, install yoke (7) and caliper (1) 
on adapter (6) with clamp (8.1), two washers (8), and capscrews (9). Tighten capscrews (9) to 
30-40 Ib-ft (41-54 N-m). 
3. Install two brake pads (4) on adapter (6). 
4. Remove two capscrews (12) from rotor (5). 


NOTE 


e Ensure all six capscrews holes in the rotor align with holes in 
output flange. 


¢ New capscrews come with preapplied thread-locking compound, 
however, still apply sealing compound to threads of new 
capscrews. If old capscrews are to be used, mating threads 
must be cleaned and sealing compound applied to threads of 
capscrews. 


¢« Two-piece lockwashers must be installed in sets of two with 
serrated sawtooth threads facing each other. 


5. Apply sealing compound to six capscrews (12), and install halfshaft (10) on rotor (5) with six two- 
piece lockwashers (11) and capscrews (12). Tighten capscrews (12) to 58 Ib-ft (79 N-m). 
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7-3. SERVICE BRAKE PAD MAINTENANCE (Cont'd) 


TAPPED 
HOLES 


RIGHT SIDE 


LEFT SIDE 
FOLLOW-ON TASK: Install brake protection guards (para. 7-11). 
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7-4. SERVICE BRAKE CALIPER MAINTENANCE 


This task covers: 


a. Removal c. Installation 
b. Cleaning and Inspection 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: TM_ 9-2320-387-24P 
automotive (Appendix B, Item 1) ; . 
Maintenance and repair shop equipment: Equipment Condition 
automotive (Appendix B, Item 2) Brake pads removed|(para. 7-3). 


SEP Sia) General Safety Instructions 


Special Tools Ensure brake pads are installed with linings 
H ex-head driver, 7-mm facing rotor. 
(Appendix B, Item 151) . 
Crowfoot, 14-mm (Appendix B, Item 141) Tae Level 
ni 
Materials/Parts 


Copper washer (Appendix G, Item 24) 
Grease (Appendix C, Item 34) 
Sealing compound (Appendix C, Item 63) 


NOTE 


For replacement of rear dual service/parking brake caliper, refer 
to para. 7-15) 


CAUTION 


Cover or plug all open lines and connections immediately after 
disconnection to prevent contamination. Remove all covers or 
plugs prior to connection. 


NOTE 
Perform steps 1 and 2 for right side. Perform steps 3 through 6 for 
left side. 


Disconnect hose (1) from coupling (5). 

Slide yoke (2) and locating pins (3) out from caliper (4). 

Disconnect hose (1) from coupling (5). 

Remove two capscrews (8) from rotor (7). 

Remove rotor (7) from caliper (4) and adapter (6). 

Using crowfoot, remove two capscrews (10), washers (11), yoke (2), and caliper (4) from adapter (6). 
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7-4. SERVICE BRAKE CALIPER MAINTENANCE (Cont'd) 


RIGHT SIDE 


LEFT SIDE 
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7-4. SERVICE BRAKE CALIPER MAINTENANCE (Cont'd) 


7. Remove coupling (1) and copper washer (2) from caliper (3). Discard copper washer (2). 


b. Cleaning and Inspection 


Clean mating surfaces of caliper (3) and adapter (8) and Iubricate with grease. 
Clean cooling fins of rotor (12). 


1 

2. 

3. Inspect caliper (3) and caliper piston (4) for cracks, pitting, or damage. Replace caliper (3) if 
cracked, pitted, or damaged. 

4 


Inspect locating pin bearings and bushings (6) for tears or deterioration. Replace bearings and 
bushings (6) if torn or deteriorated. 


5. Inspect dust boot (5) for tears or deterioration. Replace caliper (3) if dust boot (5) is torn or 
deteriorated. 


6. Inspect yoke locating pins (10) for cracks or corrosion. Perform step 7 if cracked or corroded. 
7. Using 7-mm hex-head driver, remove locating pins (10) from yoke (9). Discard locating pins (10). 
8. Inspect rotor (12) for heat cracks, discoloration, pitting, or scoring. Replace rotor (12) if cracked, 


pitted, or scored (para. 7-12). 


9. Clean output flange threaded holes (17) with a 10 mm tap to remove old scaling compound. 


c. Installation 


1. Install copper washer (2) and coupling (1) on caliper (3). 


NOTE 
¢ Perform step 2 only if yoke locating pins were replaced. 


¢ Perform steps 3 and 4 for right side. Perform steps 6 through 9 
for left side. 


2. Apply sealing compound to threads of locating pins (10) and install locating pins (10) in yoke (9). 
Tighten locating pins (10) to 25-35 Ib-ft (34-47 N-m). 


Install caliper (3) on yoke (9). 

Connect hose (7) to coupling (11). 

DELETED 

Install caliper (3) on yoke (9). 

Position rotor (12) and caliper (3) on adapter (8) and hold rotor (12) with two capscrews (13). 


NOTE 
When installing yoke and caliper, use a C-clamp and a block of 
wood to bottom out piston in caliper. If piston will not bottom out, 


replace caliper |(para. 7-4). 


8. Apply sealing compound to tapped holes of adapter (8). Using crowfoot, install yoke (9) and 
caliper (3) on adapter (8) with two washers (15) and capscrews (16). Tighten two capscrews (16) to 
30-40 I|b-ft (41-54 N-m). 


9. Connect hose (7) to coupling (11). 
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7-4. SERVICE BRAKE CALIPER MAINTENANCE (Cont'd) 


LEFT SIDE 


FOLLOW-ON TASKS: « Install brake pads|(para. 7-3). 
¢ Bleed brake system|(para. 7-2). 
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7-5. MASTER CYLINDER MAINTENANCE 


This task covers: 


a. Removal c. Bleeding 
b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: TM 9-2320-387-10 
automotive (Appendix B, Item 1) TM 9-2320-387-24P 
Maintenance and repair shop equipment: j . 
automotive (Appendix B, Item 2) Equipment Condition 
: ¢ Hood raised and secured (TM_9-2320-387-10 
Materials/Parts ¢ Left splash shield removed (para. 10-23). 
| Four locknuts (Appendix G, Item 156) 


Maintenance Level 
Personnel Required Unit 


One mechanic 
One assistant 


a. Removal 


CAUTION 


Cover or plug all open lines and connections immediately after 
disconnection to prevent contamination. Remove all plugs prior to 


connection. 
NOTE 
Perform step 1 for M1114 models only. 
1. Remove locknut (10), washer (11), and bracket (12) from hydro-boost (1). Discard locknut (10). 
NOTE 


Have drainage container ready to catch brake fluid. 
2. Disconnect brake lines (5) and (6) from master cylinder (2). 
3. Remove locknut (3), washer (4), and differential valve bracket (7) from right master cylinder 
mounting stud (9). Discard locknut (3). 
CAUTION 


Do not lean on master cylinder. Damage to master cylinder may 
result. 


4. Remove two locknuts (8) and master cylinder (2) from hydro-boost (1). Discard locknuts (8). 


b. Installation 


CAUTION 


Ensure O-ring is properly seated on master cylinder prior to installa- 
tion. Damage to master cylinder may result if O-ring is not properly 
seated. 
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7-5. MASTER CYLINDER MAINTENANCE (Contd) 


1. Install master cylinder (2) on hydro-boost (1) with two locknuts (8). Tighten locknuts (8) to 
22 |b-ft (30 N-m). 


2. Install differential valve bracket (7) on stud (9) with washer (4) and locknut (3). Tighten 
locknut (3) to 22 |b-ft (30 N-m). 


3. Connect brake lines (5) and (6) to master cylinder (2). 


NOTE 
Perform step 4 for M1114 models only. 


4. Install bracket (12) on hydro-boost (1) with washer (11) and locknut (10) Tighten locknut (10) to 
22 |b-ft (30 N-m). 


c. Bleeding 


NOTE 


Master cylinder must be filled (para. 2-12) item 11) and kept at 
least half full during bleeding operation. 


Depress brake pedal slowly and hold. Loosen brake line (5) to purge air from the front reservoir. 
Tighten brake line (5) and release brake pedal. 
Repeat steps 1 and 2 until front reservoir is purged of air. 


aw ee 


Repeat steps 1 through 3 for rear reservoir with brake line (6). 


FOLLOW-ON TASKS: ¢ Install left splash shield (para. 10-23). 
¢ Bleed brake system[(para. 7-2). 
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7-6. HYDRO-BOOSTER REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: TM 9-2320-387-24F 
automotive (Appendix B, Item 1) . . 
Maintenance and repair shop equipment: Equipment Condition 
automotive (Appendix B, Item 2) Master cylinder removed (para. 7-5). | 
Materials/Parts Maintenance Level 
Cotter pin (Appendix G, Item 36) Unit 


Spring washer (Appendix G, Item 452) 
Four lockwashers (Appendix G, Item 217) 


Personnel Required 


One mechanic 
One assistant 


a. Removal 


CAUTION 


Cover or plug all open lines and connections immediately after 
disconnection to prevent contamination. Remove all plugs prior to 
connection. 


NOTE 
Have drainage container ready to catch brake fluid. 
1. Mark and disconnect two high-pressure lines (4) and return line (5) from hydro-booster (6). 


Remove cotter pin (3) and washer (2), and disconnect pushrod (7) from brake pedal belicrank (13). 
Remove spring washer (1) from brake pedal bellcrank (13). Discard cotter pin (3) and spring washer (1). 


3. Remove four nuts (12), lockwashers (11), washers (10), hydro-booster (6), and gasket (8) from cow] (9). 
Discard lockwashers (11). 


b. Installation 


1. Install gasket (8) and hydro-booster (6) on cowl (9) with four washers (10), lockwashers (11), and 
nuts (12). Do not tighten nuts (12). 


2. Install spring washer (1) on brake pedal bellcrank (13). Connect hydro-booster pushrod (7) to brake 
pedal bellcrank (13) with washer (2) and cotter pin (3). 


3. Tighten nuts (12) to 21 lb-ft (29 N-m). 
4. Connect two high-pressure lines (4) and return line (5) to hydro-booster (6). 
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7-6. HYDRO-BOOSTER REPLACEMENT (Cont'd) 


FOLLOW-ON TASK: Install master cylinder 


TM 9-2320-387-24-1 


7-7. BRAKE LINES REPLACEMENT 


This task covers: 


a. Front Caliper-to-Intermediate Brake g. Rear Brake Line Removal 
Line Removal h. Rear Brake Line Installation 
b. Front Caliper-to-Intermediate Brake i. Intermediate Brake Line Removal 
Line Installation j. Intermediate Brake Line Installation 
c. Rear Caliper-to-Intermediate Brake k. Proportioning Valve-to-Union Brake Line Removal 
Line Removal ]. Proportioning Valve-to-Union Brake Line Installation 
d. Rear Caliper-to-Intermediate Brake m. Pressure Limiter Valve-to-Differential Valve 
Line Installation Removal 
e. Caliper-to-Intermediate Support Brackets n. Pressure Limiter Valve-to-Differential Valve 
Removal Installation 
f. Caliper-to-Intermediate Support Brackets 
Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: 
automotive (Appendix B, |tem 1) 
Materials/Parts Equipment Condition 
Two tiedown straps (Appendix G, Item 465) Hood raised and secured (TM 9-2320-387-10)| 
Caliper adapter fitting ; 
; (Appendix G, Item 1.1) Maintenance Level 
Unit 
CAUTION 


Cover or plug all open lines and connections immediately after 
disconnection to prevent contamination. Remove all plugs prior to 


connection. 


NOTE 


¢ Have drainage container ready to catch brake fluid. 


¢ Brake line replacement procedures for service brake system 
and rear dual service/parking brake system are basically the 


same. 
| e 


Left side is shown, right side is similar. 


a. Front Caliper-to-Intermediate Brake Line Removal 


fitting (13.2). 


Disconnect left front brake line (1) from caliper adapter fitting (13.2). 
Remove caliper adapter fitting (13.2) and washer (13.1) from caliper (13). Discard caliper adapter 


Remove capscrew (15), washer (14), and clamp (11) from yoke (12). 


2 
3. Remove capscrew (7), washer (6), and clamp (5) from bracket (8). 

4. Remove two tiedown straps (10) from brake lines (9) and (1). Discard tiedown straps (10). 

5. Remove clip (4) and left front brake line (1) from bracket (2) and intermediate brake line (3). 


b. Front Caliper-to-Intermediate Brake Line Installation 


1. Install left front brake line (1) on intermediate brake line (3) and bracket (2) with clip (4). 


2. Install clamp (5) and left front brake line (1) on bracket (8) with washer (6) and capscrew (7). 
Secure brake lines (9) and (1) with two tiedown straps (10). 
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7-7. BRAKE LINES REPLACEMENT (Cont'd) 


3. Install clamp (11) and brake line (1) on yoke (12) with washer (14) and capscrew (15). 
4. Install washer (13.1) and caliper adapter fitting (13.2) on caliper (13). 
5. 


Connect left front brake line (1) to caliper adapter fitting (13.2). 
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7-7. BRAKE LINES REPLACEMENT (Cont'd) 


NOTE 
Left side shown, right side similar. 


c. Rear Caliper-to-Intermediate Brake Line Removal 


Disconnect left rear brake line (1) from caliper adapter fitting (7.2). 


Remove caliper adapter fitting (7.2) and washer (7.1) from caliper (7). Discard caliper adapter 
fitting (7.2). 


Remove capscrew (9), washer (8), and clamp (5) from yoke (6). 
Remove capscrew (10), camp (11), and brake line (1) from bracket (12). 
Remove clip (4) and left rear brake line (1) from bracket (2) and intermediate brake line (3). 


d. Rear Caliper-to-Intermediate Brake Line Installation 


7-20 
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Install left rear brake line (1) on intermediate brake line (3) and bracket (2) with clip (4). 
Install clamp (11) and brake line (1) on bracket (12) with capscrew (10). 

Install clamp (5) on yoke (6) with washer (8) and capscrew (9). 

Install washer (7.1) and caliper adapter fitting (7.2) on caliper (7). 

Connect left rear brake line (1) to caliper adapter fitting (7.2). 
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7-7. BRAKE LINES REPLACEMENT (Cont'd) 
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7-7. BRAKE LINES REPLACEMENT (Cont'd) 


e. Caliper-to-Intermediate Support Brackets Removal 


Ph a pes eee 


NOTE 


Perform steps 1 through 3 for front support bracket. Perform steps 
4 through 6 for rear support bracket. 


Remove two tiedown straps (8) from front brake lines (4) and intermediate brake line (11). 
Remove two capscrews (7), washers (6), and clamps (5) from support bracket (2). 

Remove nut (10), washer (9), capscrew (3), and support bracket (2) from crossmember (1). 
Remove capscrew (13), clamp (14), and brake line (12) from left support bracket (15). 
Remove capscrew (16), washer (17), and left support bracket (15) from frame bracket (18). 
Repeat steps 4 and 5 for right support bracket. 


f. Caliper-to-Intermediate Support Brackets Installation 


Oo pm w hy pe 


NOTE 


Perform steps 1 through 3 for front support bracket. Perform steps 
4 through 6 for rear support bracket. 


Install support bracket (2) on crossmember (1) with capscrew (3), washer (9), and nut (10). 
Install two clamps (5) on support bracket (2) with two washers (6) and capscrews (7). 
Secure front brake lines (4) and intermediate brake line (11) with two tiedown straps (8). 
Install left support bracket (15) on frame bracket (18) with washer (17) and capscrew (16). 
Install brake line (12) and clamp (14) on support bracket (15) with capscrew (13). 

Repeat steps 4 and 5 for right support bracket. 
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7-7. BRAKE LINES REPLACEMENT (Cont'd) 


TM 9-2320-387-24-1 


1. Disconnect rear brake line (2) from rear union (1). 
2. Remove capscrew (5) and clamp (4) from rear brake line (2) and forward rear crossmember (3). 


3. Disconnect rear brake line (2) from intermediate brake line (6). 


h. Rear Brake Line Installation 


1. Connect rear brake line (2) to intermediate brake line (6). 
2. Install rear brake line (2) on forward rear crossmember (3) with clamp (4) and capscrew (5). 


3. Connect rear brake line (2) to rear union (1). 


| i. Intermediate Brake L ine Removal | 


1. Disconnect intermediate brake line (6) from rear brake line (2). 
2. Remove five capscrews (2) and clamps (7) from intermediate brake line (6) and frame (9). 


3. Disconnect couvling (11) from proportioning valve-to-union brake line (10). 


en 


7-24 


TM 9-2320-387-24-1 


7-7. BRAKE LINES REPLACEMENT (Cont'd) 


j. Intermediate Brake Line Installation 


1. Connect coupling (11) to proportioning valve-to-union brake line (10). 
2. Connect intermediate brake line (6) to rear brake line (2). 
3. Install intermediate brake line (6) on frame (9) with five clamps (7) and capscrews (8). 
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7-7. BRAKE LINES REPLACEMENT (Cont'd) 


k. Proportioning Valve-to-Union Brake Line Removal 


1. Disconnect brake line (2) from proportioning valve (3). 

2. Remove nut (7), washer (6), capscrew (1), clamp (10), and brake line (2) from bracket (8). 
3. Remove brake line (2) from coupling (9). 

4. Disconnect brake line (4) from proportioning valve (3). 

5. Remove brake line (4) from union (5). 


]. Proportioning Valve-to-Union Brake Line Installation 


1. Install brake line (4) on union (5). 

2. Connect brake line (4) to proportioning valve (3). 

3. Install brake line (2) on coupling (9). 

4. Install brake line (2) and clamp (10) on bracket (8) with capscrew (1), washer (6), and nut (7). 
5. Connect brake line (2) to proportioning valve (3). 


m. Pressure Limiter Valve-to-Differential Valve Removal 


, 1. Disconnect brake lines (13) and (14) from pressure limiter valves (11) and (15). 
2. Remove brake lines (13) and (14) from differential valve (12). 


n. Pressure Limiter Valve-to-Differential Valve Installation 


1. Install brake lines (13) and (14) on differential valve (12). 
2. Connect brake lines (13) and (14) to pressure limiter valves (11) and (15). 
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7-7. BRAKE LINES REPLACEMENT (Cont'd) 


FOLLOW-ON TASK: Bleed brake system[(para. 7-2). 
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7-8. BRAKE PRESSURE LIMITER VALVE REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic's tool kit: ¢ Hood raised and secured (TM 9-2320-387-10) 
automotive (Appendix B, Item 1) ¢ Battery ground cables disconnected|(para. 4-68). 
Materials/Parts Maintenance Level 
Two lockwashers (Appendix G, Item 239) Unit 


Manual References 


TM _ 9-2320-387-10 
TM _ 9-2320-387-24P 


a. Removal 


CAUTION 
Cover or plug all open lines and connections immediately after 
disconnection to prevent contamination. Remove all covers or 
plugs prior to connection. 
NOTE 


Have drainage container ready to catch brake fluid. 
1. Disconnect brake lines (6) and (7) from adapter fittings (8) on brake pressure limiter valves (1). 


2. Remove four adapter fittings (8) from two pressure limiter valves (1). 


3. Remove two capscrews (3), lockwashers (4), washers (5), and pressure limiter valves (1) from 
bracket (2). Discard lockwashers (4). 


b. Installation 


1. Install two pressure limiter valves (1) on bracket (2) with two washers (5), lockwashers (4), and 
capscrews (3). 


2. Install four adapter fittings (8) on two pressure limiter valves (1). 
3. Connect brake lines (6) and (7) to adapter fittings (8) on brake pressure limiter valves (1). 
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7-8. BRAKE PRESSURE LIMITER VALVE REPLACEMENT (Cont'd) 
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FOLLOW-ON TASKS: » Bleed brake systern[(para. 7-2). 
¢ Lower and secure hood (TM 9-2320-387-10 
* Connect battery ground cables}(para. 4-68). 
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7-9, SERVICE BRAKE PEDAL REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: TM 9-2320-387-1C 
automotive (Appendix B, Item 1) M9 0-387-24P 
Maintenance and repair shop equipment: . - 
automotive (Appendix B, Item 2) Equipment Condition 
* Protective Control Box (PCB) removed (para. 4-4]. 
Special Tools ¢ Stoplight switch removed|(para. 4-60). 
Crowfoot, 7/8-in. (Appendix B, Item 142) . 
Socket adapter (Appendix B, Item 135) Maintenance Level 
Unit 
Materials/Parts 


Cotter pin (Appendix G, Item 36) 

Spring washer (Appendix G, Item 452) 
Two bearing sleeves (Appendix G, Item 6) 
Grease (Appendix C, Item 34) 


1. Disconnect return spring (4) from brake pedal bracket (12). 


Remove cotter pin (7), washer (8), hydro-booster pushrod (5), and spring washer (9) from brake pedal 
bellerank (10). Discard cotter pin (7) and spring washer (9). 


3. Remove nut (6), washer (2), pivot pin (1), washer (2), and brake pedal assembly (11) from bracket (3). 
4. Remove two bearing sleeves (13) from brake pedal assembly (11). Discard two bearing sleeves (13). 


b. Installation 


1. Apply grease to inside of two bearing sleeves (13) and install bearing sleeves (13) in brake pedal 
assembly (11). 


2. Install brake pedal assembly (11) on bracket (3) with washer (2), pivot pin (1), washer (2), and nut (6). 
Using adapter and crowfoot, tighten nut (6) to 60 lb-ft (81 Nem). 


3. Install spring washer (9) and hydro-booster pushrod (5) on brake pedal bellcrank (10) with washer (8) 
and cotter pin (7). 


4. Connect return spring (4) to brake pedal bracket (12). 
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7-9. SERVICE BRAKE PEDAL REPLACEMENT (Cont'd) 


FOLLOW-ON TASKS: « Install stoplight switch (para. 4-60). 
¢ Install protective control box {para 4-4). 
¢ Operate vehicle 


g 0-387-10) and check brakes for proper operation. 
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[ 7-10. PROPORTIONING VALVE AND DIFFERENTIAL VALVE REPLACEMENT 


This task covers: 


a. Differential Valve Removal c. Proportioning Valve Removal 
f b. Differential Valve Installation d. Proportioning Valve Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: TM 9-2320-387-10 
automotive (Appendix B, Item 1) TM 9-2320-387-24P 
Maintenance and repair shop equipment: i" 
automotive (Appendix B, Item 2) Equipment Condition 
; ¢ Battery ground cables disconnected|(para. 4-68). 
Materials/Parts ¢ Hood raised and secured|(TM 9-2320-387-10 
a Two locknuts (Appendix G, Item 156) 
Lubricating oil (Appendix C, Item 46) Maintenance Level 
Unit 
CAUTION 


¢ Cover or plug all open lines and connections immediately after 
disconnection to prevent contamination. Remove all covers or 
plugs prior to connection. 


¢ Donot attempt to disassemble proportioning valve. Damage to 
equipment will result. 


NOTE 
Have drainage container ready to catch brake fluid. 


a. Differential Valve Removal 


Disconnect electrical connector (2) from differential valve (4). 
Disconnect two brake lines (3) from differential valve (4). 
Disconnect two brake lines (5) from differential valve (4). 


Remove locknut (6), washer (7), and differential valve (4) with differential valve bracket (8) from 
hydro-boost (1). Discard locknut (6). 


b. Differential Valve Installation 


1. Install differential valve (4) and differential valve bracket (8) on hydro-boost (1) with 
washer (7) and locknut (6). Tighten locknut (6) to 22 |b-ft (30 N-m). 


Connect two brake lines (5) to bottom of differential valve (4). 
Connect two brake lines (3) to top of differential valve (4). 
Apply lubricating oil to pins (9) of differential valve (4). 
Connect electrical connector (2) to differential valve (4). 


c. Proportioning Valve Removal 


1. Disconnect two brake lines (17) from proportioning valve (16). 


pew Ye 
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2. Disconnect two brake lines (15) from proportioning valve (16). 


3. Remove locknut (14), washer (13), screw (11), and proportioning valve (16) with proportioning valve 
bracket (12) from bracket (10). Discard locknut (14). 
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7-10. PROPORTIONING VALVE AND DIFFERENTIAL VALVE REPLACEMENT (Cont'd) : 


d. Proportioning Valve Installation 


1. Install proportioning valve (16) and proportioning valve bracket (12) on bracket (10) with screw 
(11), washer (13), and locknut (14). Tighten locknut (14) to 22 |b-ft (30 N-m). 


2. Connect two brake lines (15) to bottom of proportioning valve (16). 
3. Connect two brake lines (17) to top of proportioning valve (16). 


FOLLOW-ON TASKS: Connect battery ground cableg (para. 4-68). 
¢ Bleed brake system|(para. 7-2). 
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7-11. BRAKE PROTECTION GUARDS REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: M 9-2320-387-24F 


automotive (Appendix B, Item 1) ienutmentcanaition 
Materials/Parts Vehicle raised and supported|[(para. 8-2). 
Six locknuts (Appendix G, Item 156) : 
Maintenance Level 


Unit 


NOTE 
The replacement procedure for brake protection guards is 
basically the same for front and rear brakes. This procedure 
covers the front brake protection guards. 


a. Removal 
1. Remove four locknuts (4), washers (5), capscrews (7), washers (5), and two right-side brake protection 
guards (8) from brackets (6) on crossmembers (9). Discard locknuts (4). 


2. Remove two locknuts (3), washers (2), capscrews (10), washers (2), and left-side brake protection 
guard (11) from brackets (1) on crossmembers (9). Discard locknuts (3). 


b. Installation 


1. Install left-side brake protection guard (11) on two brackets (1) on crossmembers (9) with two 
washers (2), capscrews (10), washers (2), and locknuts (3). 


2. Install two right-side brake protection guards (8) on two brackets (6) on crossmembers (9) with four 
washers (5), capscrews (7), washers (5), and locknuts (4). 
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7-11. BRAKE PROTECTION GUARDS REPLACEMENT (Cont'd) 


ae. aS 
= 


——————— 


PANN 


a 


= FOLLOW-ON TASK: Remove supports and lower vehicle[(para. 8-2). 
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7-12. SERVICE BRAKE ROTOR REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: TM 9-2320-387-24P 
automotive (Appendix B, Item 1) . 
Maintenance and repair shop equipment: Equipment Condition 
automotive (Appendix B, Item 2) Service brake caliper removed|(para. 7-4). 
Materials/Parts Maintenance Level 
Sealing compound (Appendix C, Item 63) Unit 
Six two-piece lockwashers 
== G, Item 240.1) 
a. [ a. Removal | 
1. Remove six capscrews (1) and two-piece lockwashers (2) from halfshaft (3), rotor (4), and output 
flange (5). 
NOTE 
Clean excess sealant from output flange threaded holes with 
a 10 mm tap. 
Disconnect halfshaft (3) and remove rotor (4) from output flange (5). 
| _b. Installation | Installation 
NOTE 
e New capscrews come with preapplied thread-locking compound, 
however, still apply sealing compound to threads of new 
capscrews. If old capscrews are to be used, mating threads must 
be cleaned and sealing compound applied to threads of 
capscrews. 
¢ Two-piece lockwashers must be installed in sets of two with 
serrated sawtooth threads facing each other. 


Apply sealing compound to threads of six capscrews (1). 
: Install rotor (4) on output flange (5). 


i 3. Install halfshaft (3) on rotor (4) with six two-piece lockwashers (2) and capscrews (1). Tighten 
capscrews (1) to 58 Ib-ft (79 N-m). 


FOLLOW-ON TASK: Install service brake caliper|(para. 7-4). 
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Section Il. REAR DUAL SERVICE/PARKING BRAKE SYSTEM MAINTENANCE 


7-13. REAR DUAL SERVICE/PARKING BRAKE SYSTEM MAINTENANCE TASK SUMMARY 


TASK 
PARA. 


ARARRAR 
bo} |e pl 
S| S| [94 | [P4 | 


PAGE 

PROCEDURES NO. 

Rear Dual Service/Parking Brake Pad Maintenance [7-38] 
Rear Dual Service/Parking Brake Caliper Maintenance [7-42 
Right Parking Brake Cable Replacement [7-46] 
Left Parking Brake Cable/Mounting Bracket Replacement [7-48] 
Rear Dual Service/Parking Brake Rod Replacement [7-52] 
Rear Dual Service/Parking Brake Adjustment 
Parking Brake Lever Replacement 
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7-14. REAR DUAL SERVICE/PARKING BRAKE PAD MAINTENANCE 


This task covers: 


a. Removal c. Installation 
b. Cleaning and Inspection 
INITIAL SETUP: 
Tools ; 
General mechanic's tool kit: NEADMAT SSCICT Ones 
automotive (Appendix B, Item 1) TM _9-2320-387-10 
Maintenance and repair shop equipment: TM _9-2320-387-24P 
automotive (Appendix B, Item 2) Equipment Condition 
Special Tools Wheels chocked and parking brake released 


TM _ 9-2320-387-10 


General Safety Instructions 


Crowfoot, 14-mm (Appendix B, Item 141) 


a Ensure brake pads are installed with linings 
Clip (Appendix G, Item 22) facing rotor. 
Cotter pin (Appendix G, Item 33) . 
Sealing compound (Appendix C, Item 63) Maintenance Level 
Grease (Appendix C, Item 34) Unit 


a. Removal 


1. Remove cotter pin (4), washer (5), and clevis pin (7) from parking brake clevis (6) and lever (3). 
Discard cotter pin (4). 


2. Remove dip (2) and disconnect parking brake cable (8) from caliper cable bracket (1). Discard 
clip (2). 
CAUTION 


Caliper must be supported during removal to prevent damage to 
brake line. 


3. Using crowfoot, remove two capscrews (12), washers (13), clamp (13.1), and pull yoke (14) and caliper 
(15) away from rotor (10). 


NOTE 
Note positioning of brake pad surfaces for installation. 


4. Remove two brake pads (9) from adapter (11) and rotor (10). 
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7-14. REAR DUAL SERVICE/PARKING BRAKE PAD MAINTENANCE (Cont'd) 


Change 1 7-39 
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7-14. REAR DUAL SERVICE/PARKING BRAKE PAD MAINTENANCE (Cont'd) 
NOTE 


Apply a light coat of grease on adapter slides. 
1. Clean mating surfaces of caliper (1) and adapter (7) and lubricate adapter slides with grease. 


2. Inspect caliper (1) and caliper piston (3) for cracks, pitting, or damage. Replace caliper assembly if 
cracked, pitted, or damaged ES 


3. Inspect dust boot (4) for tears or deterioration. Replace caliper (1) if dust boot (4) is torn or 
deteriorated 


4. Inspect caliper cable bracket (2) for looseness, damage, and rotation. If loose, damaged, or 
repositioned, replace caliper (1){(para. 7-15). 


5. Thoroughly clean and inspect rotor (6) for heat cracks, discoloration, pitting, or scoring. Replace 
rotor (6) if cracked, pitted, or scored ea Dy 


CAUTION 


Ensure grease and oil are not in contact with rotor and/or shoe 
and lining friction surface. Failure to do so will result in damage 
to equipment and poor performance. 


NOTE 
e Replace brake pads in sets on both sides of differential. 


e Replace brake pads if thickness is less than 1/8 in. (3.2 mm) 
and operation in wet and muddy conditions is expected. 


6. Inspect brake pads (5) for glazing, oil saturation, or wear. If glazed, oil saturated, or if brake pad 
thickness is less than 1/8 in. (3.2 mm), replace both pads (5) and pads on opposite caliper. 


c. Installation 


_WARNING | 
Ensure brake pads are installed with linings facing rotor. Failure 
to do this may cause injury to personnel or damage to equipment. 
1. Position two brake pads (5) facing rotor (6) in adapter (7). 
2. Apply sealing compound to tapped holes of adapter (7). 


CAUTION 
Applying force to piston cap will result in piston cap damage. 


3. Rotate caliper piston (3) in a cockwise direction and at the same time apply force on outer piston 
hex until caliper piston (3) is seated in piston bore. 


4. Install caliper (1) and yoke (10) on adapter (7) and rotor (6) with clamp (9.1), two washers (9), and 
capscrews (8). Using crowfoot, tighten capscrews (8) to 30-40 Ib-ft (41-54 N-m). 


5. Install parking brake cable (18) on caliper cable bracket (11) with clip (12). 


CAUTION 


e Ensure lever is in contact with caliper cable bracket stop. 
Damage to equipment and poor performance will result if not 
aligned properly. 


e Ensure clevis and clevis pin are aligned to lever. Do not move 
lever to accommodate a misadjusted clevis. Damage to 
equipment and poor performance will result. 


6. Check position of lever (13) and ensure it is in contact with caliper cable stop bracket (19). 
Install parking brake clevis (16) on lever (13) with clevis pin (17), washer (15), and cotter pin (14). 
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7-14. REAR DUAL SERVICE/PARKING BRAKE PAD MAINTENANCE (Cont'd) 


FOLLOW-ON TASK: Adjust rear dual service/parking brake}(para. 7-19). 
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7-15. REAR DUAL SERVICE/PARKING BRAKE CALIPER MAINTENANCE 


This task covers: 


a. Removal 


b. Cleaning and Inspection 


INITIAL SETUP: 


Tools 


General mechanic's tool kit: 
automotive (Appendix B, Item 1) 


Maintenance and repair shop equipment: 


automotive (Appendix B, Item 2) 


Special Tools 
Crowfoot, 14-mm (Appendix B, Item 141) 
H ex-head driver, 7-mm 
(Appendix B, Item 151) 


c. Installation 


Manual References 


TM 9-2320-387-10 
TM _ 9-2320-387-24P 


Equipment Condition 


Wheels chocked and parking brake released 
TM_9-2320-387-10 


Maintenance Level 
Unit 


Materials/Parts 


Cotter pin (Appendix G, Item 33) 
Copper washer (Appendix G, Item 24) 
Clip (Appendix G, Item 22) 

Sealing compound (Appendix C, Item 63) 


a. Removal 


CAUTION 


Cover or plug all open lines and connections immediately after 
disconnection to prevent contamination. Remove all plugs prior to 
connection. 


1. Remove cotter pin (4), washer (5), and clevis pin (7) from parking brake clevis (6) and lever (3). 
Discard cotter pin (4). 


2. iGo clip (2) and disconnect parking brake cable (8) from caliper cable bracket (1). Discard 
clip (2). 


NOTE 
Have drainage container ready to catch brake fluid. 
Disconnect brake line (17) from coupling (16). 
Remove coupling (16) and copper washer (15) from caliper (14). Discard copper washer (15). 


5. Using crawfoot, remove two capscrews (10), washers (11), clamp (11.1), and pull yoke (12) and 
caliper (14) away from adapter (9). 


6. Slide yoke (12) and locating pins (13) out from caliper (14). 


a by 
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7-15. REAR DUAL SERVICE/PARKING BRAKE CALIPER MAINTENANCE (Cont'd) 


Change 1 7-43 
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7-15. REAR DUAL SERVICE/PARKING BRAKE CALIPER MAINTENANCE (Cont'd) 


N 


9. 


NOTE 
Apply a light coat of grease on adapter slides. 
Clean mating surfaces of caliper (1) and adapter (7) and lubricate adapter slides with grease. 
Clean cooling fins of rotor (6). 
Inspect caliper (1) and caliper piston (4) for cracks, pitting, or damage. Replace caliper (1) if cracked, 
pitted, or damaged. 
Inspect caliper cable bracket (2) for looseness, damage, and rotation. If loose, damaged, or 
repositioned, replace caliper (1). 
og dust boot (5) for tears or deterioration. Replace caliper (1) if dust boot (5) is torn or deterio- 
rated. 
Inspect rotor (6) for heat cracks, discoloration, pitting, or damage. Replace rotor (6) if cracked, pit- 
ted, or scored (para. 7-12). 
Inspect yoke locating pins (12) for cracks or corrosion. Perform step 8 if cracked or corroded. If not, 
perform step 9. 
Using 7-mm hex-head driver, remove locating pins (12) from yoke (11). Discard locating pins (12). 
NOTE 
e Replace brake pads in sets on both sides of differential. 
e Replace brake pads if thickness is less than 1/8 in. (3.2 mm) 
and operation in wet and muddy conditions is expected. 


Inspect brake pads (8) for glazing, oil saturation, or wear. If glazed, oil saturated, or if brake pad 
thickness is less than 1/8 in. (3.2 mm), replace both pads (8) and pads on opposite caliper (para. 7-14). 


c. Installation 
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CAUTION 


Ensure grease and oil are not in contact with rotor and/or brake 
pad friction surface. Failure to do so will result in damage to 
equipment and poor performance. 


Open bleeder valve (3) and depress piston (4) into caliper (1) while rotating piston (4) in a clockwise 
direction and, at the same time, apply pressure until piston (4) is seated in piston bore. 


NOTE 
Perform step 2 only if yoke locating pins were removed. 


Apply sealing compound to threads of locating pins (12) and install locating pins (12) in yoke (11) 
using 7-mm hex-head driver. Tighten locating pins (12) to 25-35 |b-ft (34-47 N-m). 


Slide yoke (11) and two locating pins (12) into caliper (1). 
Apply sealing compound to tapped holes of adapter (7). 


Install caliper (1) and yoke (11) on adapter (7) with clamp (10.1), two washers (10), and 
capscrews (9). Using crowfoot, tighten capscrews (9) to 30-40 Ib-ft (41-54 N-m). 


Install copper washer (13) and coupling (14) on caliper (1) and connect brake line (15) to coupling (14). 
Install parking brake cable (23) on caliper cable bracket (16) with clip (17). 


CAUTION 


e Ensure lever is in contact with caliper cable bracket stop. 
Damage to equipment and poor performance will result if not 
aligned properly. 


e Ensure clevis and clevis pin are aligned to lever. Do not move 
lever to accommodate a misadjusted clevis, or damage to equip- 
ment and poor performance will result. 


Check position of lever (18) and ensure it is in contact with caliper cable bracket stop (24). 
Install parking brake clevis (21) on lever (18) with clevis pin (22), washer (20), and cotter pin (19). 


Change 1 
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7-15. REAR DUAL SERVICE/PARKING BRAKE CALIPER MAINTENANCE (Cont'd) 


FOLLOW-ON TASKS: « Bleed brake system[(para. 7-2). 
¢ Adjust rear dual service/parking brake (para. 7-19). 
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7-16. RIGHT PARKING BRAKE CABLE REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: TM 9-2320-387-1( 
automotive (Appendix B, Item 1) TM 9-2320-387-24F 
Maintenance and repair shop equipment: . = 
automotve (Appendix B, Item 2) Equipment Condition 
¢ Muffler and catalytic converter removed 
Materials/Parts é 
Cotter pin (Appendix G, Item 34) ¢ Wheels chocked and parking brake released 
Three lockwashers (Appendix G, Item 206) (TM 9-2320-387-10). 


Two cling (Anpendix G Item 29) 
VO Chps Uappendix hia Maintenance Level 


Unit 


a. Removal 


1. Remove cotter pin (30), washer (29), clevis pin (27), and brake clevis (28) from rear caliper lever (31). 
Discard cotter pin (30). 


2. Remove brake cable clip (1) and parking brake cable sleeve (26) from rear caliper cable bracket (2) 
and remove cable assembly (4) from caliper cable bracket (2). Discard cable clip (1). 


3. Remove parking brake cable clip (7) from parking brake cable sleeve (6) and C-beam (9). Disconnect 
parking brake cable (4) from parking brake equalizer bar (8). Discard cable clip (7). 


4. Remove two capscrews (12), parking brake cable clamps (5), and parking brake cable assembly (4) 
from body (11). 


5. Remove nut (18), lockwasher (17), capscrew (15), washer (16), and parking brake cable clamp (19) 
from clamp bracket (23). Discard lockwasher (17). 


6. Remove capscrew (20), lockwasher (21), and parking brake cable clamp (22) from bracket (23). 
Discard lockwasher (21). 


. NOTE 
Perform step 7 if replacing clamp bracket. 


7. Remove nut (24), lockwasher (25), capscrew (14), washer (13), and clamp bracket (23) from support 
bracket (3). Discard lockwasher (25). 


b. Installation 


NOTE 
Perform step 1 if clamp bracket was removed. 


1. Install clamp bracket (23) on support bracket (3) with washer (13), capscrew (14), lockwasher (25), 
and nut (24). 


2. Slide parking brake cable clamp (22) onto parking brake cable assembly (4) and install on clamp 
bracket (23) with lockwasher (21) and capscrew (20). 


3. Slide parking brake cable clamp (19) on parking brake cable assembly (4) and install on clamp 
bracket (23) with washer (16), capscrew (15), lockwasher (17), and nut (18). 


4. Install two parking brake cable clamps (5) on parking brake cable assembly (4) and body (11) with 
capscrews (12). 


5. Install parking brake cable sleeve (6) on C-beam (9) and parking brake cable (10) to parking brake 
equalizer bar (8) with clip (7). 
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7-16. RIGHT PARKING BRAKE CABLE REPLACEMENT (Cont’d) 


CAUTION 


Ensure caliper cable bracket is secure with no signs of looseness 
and lever is in contact with caliper cable bracket stop. Damage 
to equipment and poor performance will result if not aligned 
properly. 
6. Install parking brake cable sleeve (26) on rear caliper cable bracket (2) with brake cable clip (1). 


7. Install brake clevis (28) on rear caliper lever (31) with clevis pin (27), washer (29), and cotter 
pin (30). 


FOLLOW-ON TASKS: ¢ Adjust parking brake lever (TM 9-2320-387-10). 
¢ Install muffler and catalytic converter (para. 3-49). 
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7-17. LEFT PARKING BRAKE CABLE/MOUNTING BRACKET REPLACEMENT | 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: “TM 9-2320-387-10 
automotive (Appendix B, Item 1) TM 9-2320-387-24F 
Materials/Parts Equipment Condition 
Nut and lockwasher assembly ¢ Wheels chocked and parking brake released 
(Appendix G, Item 246) TM 9-2320-387-10) 
Five lockwashers (Appendix G, Item 206) ¢ Muffler and catalytic converter removed 
Cotter pin (Appendix G, Item 34) (para. 3-49). 


Two clips (Appendix G, Item 22) 


Maintenance Level 
Unit 


1. Remove cotter pin (11), washer (12), clevis pin (14), and brake clevis (13) from rear caliper lever (10). 
Discard cotter pin (11). 


2. Remove brake cable clip (9) and parking brake cable sleeve (2) from rear caliper cable bracket (8). 
Discard cable clip (9). | 


3. Remove parking brake cable clip (23) and parking brake cable sleeve (2) from C-beam (24). 
Disconnect parking brake cable (1) from parking brake equalizer bar (22). Discard cable clip (23). 


4. Remove two nut and lockwasher assemblies (3), capscrews (6), washers (4), and brake cable clamp (5) 


from mounting bracket (25) and parking brake cable assembly (15). Discard nut and lockwasher 
assembly (3). 


5. Remove nut (21), lockwasher (20), capscrew (28), washer (29), and parking brake cable clamp (19) 
from bracket (30). Discard lockwasher (20). 


6. Remove capscrew (18), lockwasher (17), and parking brake cable clamp (16) from bracket (30). 
Discard lockwasher (17). 


NOTE 
Perform step 7 if replacing clamp bracket. 


7. Remove nut (32), lockwasher (31), capscrew (27), washer (26), and clamp bracket (30) from support 
bracket (7). Discard lockwasher (31). 


NOTE 
Perform step 8 if replacing parking cable mounting bracket. 


8. Remove two nuts (33), lockwashers (34), washers (35), capscrews (36), washers (35), mounting 
bracket (25), and tailpipe hanger (37) from rear body mount (38). Discard lockwashers (34). 
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7-17. LEFT PARKING BRAKE CABLE/MOUNTING BRACKET REPLACEMENT (Cont'd) 
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7-17. LEFT PARKING BRAKE CABLE/MOUNTING BRACKET REPLACEMENT (Cont'd) 
NOTE 


Perform step 1 if parking brake cable mounting bracket was 
removed. 


1. Install parking brake cable mounting bracket (4) and tailpipe hanger (6) on rear body mount (7) 
with two washers (3), capscrews (5), washers (3), two lockwashers (2), and nuts (1). 
NOTE 
Perform step 2 if clamp bracket was removed. 
2. Install clamp bracket (35) on support bracket (14).with washer (32), capscrew (37), lockwasher (34), 
and nut (33). ' 


3. Slide parking brake cable clamp (23) onto parking bracket cable assembly (22) and install on clamp 
bracket (35) with lockwasher (24) and capscrew (25). 


4. Slide parking brake cable clamp (26) onto parking brake cable assembly (22) and install on clamp 
bracket (35) with washer (36), capscrew (38), lockwasher (27), and nut (28). 


5. Install parking brake cable clamp (12) on parking brake cable assembly (22) and parking brake 
cable mounting bracket (4) with washer (11), capscrew (13), washer (11), and nut and lockwasher 
assembly (10). 


6. Install parking brake cable sleeve (9) on C-beam (29) and parking brake cable (8) on equalizer bar (30) 
with clip (31). 
CAUTION 


Ensure caliper cable bracket is secure with no signs of looseness and 
lever is in contact with the caliper cable bracket stop. Damage to 
equipment and poor performance will result if not aligned properly. 


7. Install parking brake cable sleeve (9) on rear caliper cable bracket (15) with cable clip (16). 
8. Install brake clevis (20) on rear caliper lever (17) with clevis pin (21), washer (19), and cotter pin (18). 
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7-17. LEFT PARKING BRAKE CABLE/MOUNTING BRACKET REPLACEMENT (Cont'd) 


FOLLOW-ON TASKS: ¢ Adjust parking brake leve 
¢ Install muffler and catalytic converter : ). 
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7-18. REAR DUAL SERVICE/PARKING BRAKE ROD REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: e Muffler and catalytic converter removed 
automotive (Appendix B, Item 1) (para. 3-49). 
¢ Wheels chocked and parking brake released 
Materials/Parts (TM 9-2320-387-10). 
Three cotter pins (Appendix G, Item 33) ; 
Two locknuts (Appendix G, Item 109) Maintenance Level 
Unit 


Manual References 
TM 9-2320-387-1C 


TM 9-2320-387-24F 


a. Removal 


1. Remove two cotter pins (left and right) (23), washers (22), clevis pins (20), and brake clevises (21) 
from caliper levers (24). Discard cotter pins (23). 


2. Remove clip (5) and spread boot (6) to allow access to cotter pin (12). 


3. Remove cotter pin (12), washer (11), clevis pin (8), and clevis (9) from brake rod (14) and bellicrank (7). 
Discard cotter pin (12). 


4. Remove locknut (17), washer (16), spacer (15), washer (3), capscrew (4), and spring (2) from body (13). 
Discard locknut (17). 


5. Remove locknut (19) and convex washer (18) from brake rod (14) and brake cable equalizer bar (1). 
Discard locknut (19). 


6. Remove brake rod (14) by sliding brake rod (14) forward. 
7. Remove clevis (9) and nut (10) from brake rod (14). 


b. Installation 


1. Install spring (2) and spacer (15) on body (13) with washer (3), capscrew (4), washer (16), and locknut (17). 
2. Install nut (10) and clevis (9) on brake rod (14). 

3. Slide brake rod (14) rearward through spring (2). 
4 


Install brake rod (14) on brake cable equalizer bar (1) with convex washer (18) and locknut (19). 
Tighten locknut (19) far enough to expose 3 to 5 threads on end of brake rod (14). 


Spread boot (6) and install clevis (9) on bellcrank (7) with clevis pin (8), washer (11), and cotter pin (12). 
Install clip (5) on boot (6). 


On 


CAUTION 


Ensure caliper cable bracket is secure with no signs of looseness and lever 
is in contact with caliper cable bracket stop. Damage to equipment and 
poor performance will result if not aligned properly. 


7. Install two brake clevises (21) on rear caliper levers (24) with clevis pins (20), washers (22), and cotter 
pins (23). 
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7-18. REAR DUAL SERVICE/PARKING BRAKE ROD REPLACEMENT (Cont'd) 


FOLLOW-ON TASKS: ¢ Adjust rear dual service/parking brake (para. 7-19) 
¢ Install muffler and catalytic converter (para. 3-49). 
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7-19. REAR DUAL SERVICE/PARKING BRAKE ADJUSTMENT 


This task covers: 


Adjustment 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: (TM 9-2320-387-10 
automotive (Appendix B, Item 1) 'TM 9-2320-387-24P 
Maintenance and repair shop equipment: : .. 
automotive (Appendix B, Item 2) Equipment Condition 
; Wheels chocked and parking brake released 
Materials/Parts (TM 9-2320-387-10). 


Cott in (A dix G, Item 35 
Shine yeenen ae Maintenance Level 
Personnel Required Unit. 
One mechanic 
One assistant 


NOTE 
The Kelsey-Hayes parking brake mechanism has an automatic 
adjusting feature and does not require periodic manual adjustment. 
When parking brake components or rear brake pads are replaced, 
the parking brake linkage must be initially positioned to ensure 
proper parking brake system operation. The only additional 
adjustment necessary is accomplished with parking brake hand 


lever. Refer to TM 9-2320-387-10. 


1. Remove clip (1) and spread boot (2) to allow access to cotter pin (9). 


2. Remove cotter pin (9), washer (8), and clevis pin (4) from clevis (5) and bellcrank (3). Discard cotter 
pin (9). 


3. Repeatedly apply and adjust parking brake hand lever until bellcrank (3) linear travel is 0.75 in. 
(19 mm). 
CAUTION 


Holes in parking brake clevis must align to holes in adjusting 
bellcrank without force for proper parking brake adjustment. 
Failure to do this may result in damage to equipment and poor 
performance. 


4, Release parking brake. Loosen nut (6) and adjust clevis (5) so holes in clevis (5) align to holes in 
bellcrank (3). Install clevis (5) on belicrank (3) with clevis pin (4), washer (8), and cotter pin (9). 
CAUTION 


Do not overtighten brake rod. Overtightening brake rod may result 
in dragging brakes. 


5. Ifnecessary, remove excess slack in parking brake cables by turning parking brake rod (7) clockwise 
or counterclockwise into clevis (5). 
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7-19. REAR DUAL SERVICE/PARKING BRAKE ADJUSTMENT (Cont'd) 


CAUTION 


Ensure caliper cable bracket is secure with no signs of looseness 
and lever is in contact with caliper cable bracket stop. Damage to 
equipment and poor performance will result if not aligned 
properly. 


NOTE 
Perform step 6 on both sides. 
6. Parking-brake rod (7) is properly adjusted if lever (11) is in contact with caliper cable bracket 


stop (10). es 
7. Tighten nut (6) against clevis (5). 


Install clip (1) in boot (2). /1 


= 


ae 


FOLLOW-ON TASK: Adjust parking brake lever (TM 9-2320-387-10). 
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7-20. PARKING BRAKE LEVER REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: TM-9-2320-387-10 


automotive (Appendix B, Item 1) 
Maintenance repair shop equipment: 


automotive (Appendix B, Item 2) Equipment Condition 
¢ Wheels chocked and parking brake released 
Materials/Parts (TM 9-2320-387-10). 
Two nut and lockwasher assemblies ¢ Parking brake switch removed 
(Appendix G, Item 244) . 
Five locknuts (Appendix G, Item 109) Maintenance Level 
Cotter pin (Appendix G, Item 33) Unit 


Personnel Required 
One mechanic 
One assistant 


a. Removal 


1. Remove clip (1) and open boot (2) to allow access to clevis pin (4). 


Remove cotter pin (7), washer (6), and clevis pin (4) from clevis (5) and bellcrank (3). Discard 
cotter pin (7). 


3. Remove nut and lockwasher assembly (9), wiring harness clamp (10), nut and lockwasher assembly (9), 
and capscrew (19) from parking brake lever (8). Discard nut and lockwasher assembly (9). 


4. Remove three locknuts (11), washers (12), and capscrews (17) from parking brake lever (8) and 
body (20). Discard locknuts (11). 


5. Remove two locknuts (16), washers (15), capscrews (13), washers (14), and parking brake lever (8) 
from body (20). Discard locknuts (16). 


6. Remove upper boot (18) from parking brake lever (8). 
7. Remove lower boot (2) from body (20). 


b. Installation 


1. Install lower boot (2) on body (20). 
2. Install upper boot (18) on parking brake lever (8). 


3. Install parking brake lever (8) on body (20) with two washers (14), capscrews (13), washers (15), and 
locknuts (16). 


4. Install capscrew (19), nut and lockwasher assembly (9), wiring harness clamp (10), and nut and 
lockwasher assembly (9) on parking brake lever (8). 


5. Secure parking brake lever (8) on body (20) with three capscrews (17), washers (12), and 
locknuts (11). 


Install clevis (5) on bellcrank (3) with clevis pin (4), washer (6), and cotter pin (7). 


Apply parking brake lever (8) and tighten capscrews (13), (17), and (19) to 8 lb-ft (11 N-m). 
Close boot (2) and install clip (1). 


OD 
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7-20. PARKING BRAKE LEVER REPLACEMENT (Cont'd) 
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FOLLOW-ON TASK: Install parking brake switch 
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CHAPTER 8 
WHEELS AND STEERING (UNIT) MAINTENANCE 


Section |. WHEEL AND RUNFLAT SYSTEM MAINTENANCE 


8-1. WHEEL AND RUNEFLAT SYSTEM MAINTENANCE TASK SUMMARY 


a. PROCEDURES fon 
[8-2] Jacking Instructions 

[8-3] Wheel Replacement 

Radial Tire, Wheel, and Rubber Runflat Maintenance 

[8-5] Runflat Compressor (P/N J39250) Belt Replacement 
Runflat Compressor (P/N 528236) Belt Replacement 
[8-7] Inner Rim Stud Maintenance 8-19 
[8-8] Tire Balancing 
[8-9] Front Wheel Toe-in Alignment [8-24] 
[8-I0]] Rear Wheel Toe-out Alignment 
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8-2. JACKING INSTRUCTIONS 


This task covers: 
a. Raising Corner of Vehicle e. Raising Rear of Vehicle 
b. Lowering Corner of Vehicle f. Lowering Rear of Vehicle 
c. Raising Front of Vehicle g. Raising Entire Vehicle 
d. Lowering Front of Vehicle h. Lowering Entire Vehicle 
INITIAL SETUP: 
Tools : General Safety Instructions 
General mechanic’s tool kit: Never work under vehicle unless wheels are 
automotive (Appendix B, Item 1) blocked and it is properly supported. 
Manual References Maintenance Level 
'TM 9-2320-387-24F Unit 


WARNING 


Hydraulic jacks are used for raising and lowering, and are not 
used to support vehicle. Never work under vehicle unless wheels 
are blocked and it is properly supported. Injury or damage to 
equipment may result if vehicle suddenly shifts or moves. 


a. Raising Corner of Vehicle 


1. Block wheels (2) or (4). 

2. Place jack under lower control arm (5) on corner to be raised. 
3. Raise vehicle (1) high enough to place trestle (3). 
4 


Place trestle (3) under flat portion of frame rail (7) and lower jack until weight is supported by 
trestle (3). 


b. Lowering Corner of Vehicle 


1. Raise vehicle (1) and remove trestle (3). 
2. Lower vehicle (1). 
3. Remove blocks from wheels (2) or (4). 


c. Raising Front of Vehicle 


1. Block rear wheels (2). 


2. Center jack under front suspension front crossmember (6). Use a wood block between jack and 
crossmember (6). 


3. Raise vehicle (1) high enough to place trestles (3). 


4. Place trestles (3) under flat portion of frame rails (7) and lower jack until weight is supported by 
trestles (3). 


d. Lowering Front of Vehicle 


1. Raise vehicle (1) and remove trestles (3). 
2. Lower vehicle (1). 
3. Remove blocks from rear wheels (2). 


TM 9-2320-387-24-1 


8-2. JACKING INSTRUCTIONS (Cont'd) 
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Block front wheels (4). 


Center jack under rear suspension rear crossmember (6). Use a wood block between jack and 
crossmember (6). 


Raise vehicle (1) high enough to place trestles (3). 


Place trestles (3) under flat portion of frame rails (5) and lower jack until weight is supported by 
trestles (3). 


f. Lowering Rear of Vehicle 


1. 
2. 
3. 


Raise vehicle (1) and remove trestles (3). 
Lower vehicle (1). 
Remove blocks from front wheels (4). 


g. Raising Entire Vehicle 


1. 
2. 


3. 
4. 


5. 


Raise front of vehicle (task c.). 


Center jack under rear suspension rear crossmember (6). Use a wood block between jack and 
crossmember (6). 


Raise vehicle (1) high enough to place trestles (3). 


Place trestles (3) under flat portion of frame rails (5) and lower jack until weight is supported by 
trestles (3). 


Move whee! blocks aside. 


h. Lowering Entire Vehicle 


1: 
2. 
3. 
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Raise rear of vehicle (1) and remove trestles (3). 
Lower rear of vehicle (1) and block rear wheels (2). 
Lower front of vehicle (task d.). 
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8-2. JACKING INSTRUCTIONS (Cont'd) 
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8-3. WHEEL REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools General Safety Instructions 
General mechanic’s tool kit: e Always apply parking brake and chock opposite 
automotive (Appendix B, Item 1) wheel before removing wheel. 
Maintenance and repair shop equipment: ¢ Remove only inner group of nuts when removing 
(automotive (Appendix B, Item 2) a wheel from vehicle. 
Manual References Maintenance Level 
(TM 9-2320-387-24F Unit 


WARNING 


e¢ Always apply parking brake and chock opposite wheel before 
removing wheel. Avoid removing wheel when vehicle is on 
sloping terrain. Injury to personnel or damage to equipment 
may result. 


¢ Remove only inner group of nuts when removing a wheel from 
vehicle. Removing outer nuts which hold the rim together while 
the assembly is inflated could result in serious injury or death. 


a. Removal 


1. Loosen eight lug nuts (2), but do not remove. 


2. Raise and support corner of vehicle (para. 8-2). 
3. Remove eight lug nuts (2) and wheel (1) from geared hub (3). 


b. Installation 
NOTE 


¢ Install lug nuts with fingers to full engagement. If nuts resist 
finger-tightening, discard nuts. Examine studs for damage and 
replace if damaged (para. 6-13). 
e The radial tire is nondirectional and can be used in either 
position. 
1. Install wheel (1) on geared hub (3) with eight lug nuts (2). 
2. Remove support and lower corner of vehicle|(para. 8-2). 
3. Tighten eight lug nuts (2) to 90-110 lb-ft (122-149 N-m) in tightening sequence shown. 
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8-3. WHEEL REPLACEMENT (Cont'd) 


TIGHTENING SEQUENCE 
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8-4. RADIAL TIRE, WHEEL, AND RUBBER RUNFLAT MAINTENANCE 


This task covers: 
a. Disassembly c. Repair 
b. Inspection and Cleaning d. Assembly 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic's tool kit: Wheel removed (para. 8-3). 
automotive (Appendix B, Item 1) . 
Maintenance and repair shop equipment: General Safety Instructions 


automotive (Appendix B, Item 2) ¢ Do not use tire machine. 


e Ensure tire is totally deflated before removing 
wheel locknuts. 

e Never use tubes in wheel assemblies. 

¢ Rim surfaces must be kept clean and free of rust 


Special Tools 
Runflat compressor (Appendix B, Item 115) 
Torque adapter, 9/16-in. (Appendix B, Item 133) 


Socket adapter (Appendix B, Item 135) and dirt. 
Ni sied seer eaciz ° Di use wheel assemblies with damaged 


Twelve locknuts (Appendix G, Item 119) 
O-ring seal (Appendix G, Item 288) 
Locknut (Appendix G, Item 122) 
Insert O-ring (Appendix G, Item 292) 
Lubricant (Appendix G, Item 241) 
Detergent (Appendix C, Item 25) 
Sealing compound, if required 
(Appendix C, Item 61) 


e Never inflate a wheel assembly with the wheel 
locknuts removed. 

¢ Never inflate a wheel assembly without first 
checking wheel locknut torques. 

* Do not exceed recommended tire inflation 
pressure. 

e Always use a tire inflation cage and a clip-on air 
chuck for tire inflation. 


Manial References e Ensure runflat compressor strap is centered 
———————— around runflat. 
TM 9-2320-387-1C ¢ Never install radial tire on eight-bolt wheel. 
TM 9-2610-200-14 
TM 9-2320-387-24FP Maintenance Level 
Unit 
WARNING 


¢ Do not use tire machine. Injury to personnel or damage to 
equipment may résult. 


¢ In all disassembly operations, ensure the tire is totally deflated 
before removing wheel locknuts. Failure to follow proper safety 
precautions could cause serious injury or death. 


a. Disassembly 


1. Remove valve core (7) from insert (8) and deflate tire (6). 


2. Use acircular pattern and loosen twelve wheel locknuts (2) securing rim halves (1) and (5) together. If 


you hear escaping air, do not proceed. Wait until sound stops. When tire (6) is fully deflated, remove 
wheel locknuts (2). Discard locknuts (2). 
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8-4. RADIAL TIRE, WHEEL, AND RUBBER RUNFLAT MAINTENANCE (Cont'd) 


WARNING 


Never inflate a wheel assembly with the wheel locknuts removed 
in an attempt to separate inner and outer rim halves. The 
assembly will separate under pressure, resulting in serious injury 
or death. 

3. Remove outer rim half (1) from tire (6). 

4. Remove insert (8) and locknut (10) from outer rim (1). Discard locknut (10). 

5. Remove O-ring (9) from insert (8). Discard O-ring (9). 

6 


Remove O-ring seal (3) from inner rim half (5). Cut O-ring seal (3) in two to make sure it cannot be 
reused. Discard O-ring seal (3). 


7. Remove tire (6) from inner rim half (5). 
8. Remove balance weights (4) from rim halves (1) and (5), if present. Discard balance weights (4). 
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8-4. RADIAL TIRE, WHEEL, AND RUBBER RUNFLAT MAINTENANCE (Cont'd) 


9. Lay tire (1) flat. 
WARNING 


Do not use compressor strap if it is frayed or damaged. Ensure 

runflat is free of grease and runflat compressor strap is centered 

around runflat. Failure to do so may cause injury to personnel. 
NOTE 


Perform steps 11 and 12 when using runflat compressor P/N J39250. 
Perform steps 13 and 14 when using runflat compressor P/N 528236. 


10. Position runflat compressor (3) on runflat (2) so that runflat compressor hex-drive (4) is facing up 
and strap (5) is centered around runflat (2). 
NOTE 


Compress runflat by rotating hex-drive in either direction. Rotate 
hex-drive the opposite direction to loosen. 


11. Using runflat compressor (3), compress runflat (2). 
12. Position runflat compressor (6) on an outer edge of runflat (2) with handle assembly (7) facing up 
and strap (8) centered around runflat (2). 


NOTE 


Compress runflat by rotating handle assembly in a clockwise 
direction. Rotate handle assembly counterclockwise to loosen. 


13. Using runflat compressor (6), compress runflat (2). 
NOTE 
¢ It may be necessary to use a tire spoon and tire soap to remove 
runflat from tire. 
e When using runflat compressor P/N 528236, handle may need 
to be removed before removing runflat. 
14. Remove runflat (2) from tire (1) and remove runflat compressor (3) or (6) from runflat (2). 


RUNFLAT COMPRESSOR (P/N J39250) RUNFLAT COMPRESSOR (P/N 528236) 
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8-4. RADIAL TIRE, WHEEL, AND RUBBER RUNFLAT MAINTENANCE (Cont'd) 
CAUTION 


Do not reuse a tire which has been run flat without thoroughly 
inspecting for damage. Failure to follow these instructions may 
result in damage to equipment. 
1. Inspect inside of tire (1) for cord or belt separation and inner liner damage. Replace tire (1) if 
damaged. 


2. Inspect tire bead (9) for abrasions caused from runflat (2). Replace tire (1) if damaged. 


3. Check for protruding objects inside tire (1) which may not be visible from outside. Repair tire (1) if 
damaged. 

4. Check tread depth on tire (1). Tread should not be worn below level of wear bars (10). Replace 
tire (1) if tread is worn below wear bars (10) or 1/16 in. (1.59 mm). 


5. Clean all grease, dirt, and foreign material from the runflat (2) with soap and water and allow to air- 
dry. Inspect runflat (2) for splitting, wear, or excessive chafing. Replace runflat (2) if damaged. 
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8-4. RADIAL TIRE, WHEEL, AND RUBBER RUNFLAT MAINTENANCE (Cont'd) 


WARNING 


Q-ring sealing surfaces and pressure relief grooves must be kept 
clean and free of rust and dirt. Failure to do so may cause the 
wheel assembly to separate under pressure, causing serious injury 
or death. 


6. Using wire brush, clean studs (4). Clean all dirt and foreign material from rim halves (1) and (2) 
with soap and water and allow to air-dry. Ensure O-ring sealing surfaces (5) and pressure relief 
grooves (3) on rim halves (1) and (2) are smooth and clean. 

7. Inspect rim halves (1) and (2) for cracks, bent sealing surfaces (5), or oversized mounting holes. 
Replace rim halves (1) or (2) if cracked, bent, or if mounting holes are oversized. 


WARNING 


Never use wheel assemblies with studs which are damaged, loose, 
or have damaged threads. Damaged studs can cause improper 
assembly, which may cause individual fasteners to fail. Any of 
these situations may cause serious injury or death. 


8. Inspect inner rim half (2) for cracked, broken, rusted, pitted, bent, or loose studs (4) and studs (4) 
with damaged, mutilated, or deformed threads. Replace studs (4) (para. 8-7) if damaged, loose, or 
threads are damaged. 


9. Inspect insert (6) for damage. Replace insert (6) if damaged. 


Refer to TM 9-2610-200-14 for maintenance and repair of tires. 
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8-4. RADIAL TIRE, WHEEL, AND RUBBER RUNFLAT MAINTENANCE (Cont'd) | 


WARNING 


e Never use tubes in wheel assemblies. Use of a tube defeats built-in 
safety features, and may allow the wheel to come apart under 
pressure, resulting in serious injury or death. 

e Use only replacement parts specified in TM 9-2320-387-24P for 
radial tires. Never install radial tire components on eight-bolt rims. 
Wheels assembled with components not specified for radial tires 
could cause the assembly to separate under pressure, resulting in 
serious injury or death. 

¢ Do not use compressor strap if it is frayed or damaged. Ensure 
runflat is free of grease and runflat compressor strap is centered 
on runflat. Failure to do so could cause injury to personnel. 


NOTE 
Perform steps 1 and 2 when using runflat compressor P/N J39250. 
Perform steps 3 and 4 when using runflat compressor P/N 528236. 


1. Position runflat compressor (8) on runflat (7) so that runflat compressor hex-drive (9) is facing up 
and strap (10) is centered around runflat (7). 
NOTE 


Compress runflat by rotating hex-drive in either direction. Rotate 
hex-drive opposite to loosen. 


2. Using runflat compressor (8), compress runflat (7). 


3. Position runflat compressor (11) on an outer edge of runflat (7) with handle assembly (12) facing up 
and strap (13) centered around runflat (7). 


NOTE 


Compress runflat by rotating the handle assembly in a clockwise 
direction. Rotate handle assembly counterclockwise to loosen. 


4. Using runflat compressor (11), compress runflat (7). 


RUNFLAT COMPRESSOR (P/N J39250) 
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8-4. RADIAL TIRE, WHEEL, AND RUBBER RUNFLAT MAINTENANCE (Cont'd) 


NOTE 


The radial tire is a bidirectional tire and the tread may be 
positioned in either direction. 


5. Apply even coat of lubricant on inside of tire (1). 


WARNING 


Runflat compressor belt and handle may be greasy, which could 
slip and cause damage to equipment or injury to personnel. 
NOTE 
It may be necessary to remove handle assembly on runflat 
compressor P/N 528236 before inserting runflat into tire. 
6. Insert runflat (2), compressor side first, as far as possible into tire (1). 
7. Lay tire (1) flat on protruding runflat side. Loosen compressor (4). Runflat (2) should insert itself 
inside tire (1). If not, repeat steps 5 through 7 and/or use a tire spoon to assist in installation. 


NOTE 
If required, clean and lubricate bearing assembly on runflat 
compressor P/N 528236 after removal. 
8. Loosen runflat compressor (4) and remove from tire (1). 
9. Lubricate tire bead (3) and rim bead seat areas with tire soap. 


WARNING 


Never install radial tire on eight-bolt wheel. Damage to equipment 
may result, causing injury to personnel. 


NOTE 
Before installing tire on inner rim half, inspect tire sidewalls for a 
paint dot. Paint dots are often painted on tires to indicate the tire’s 
light spot for balancing purposes. If paint dot is present, position 
tire on rim halves so that paint dot is aligned with insert hole on 
outer rim half. 
10. Center runflat (2) in tire (1). Carefully lower tire (1) over inner rim half (8). 


11. Ensure runflat (2) is not binding on flat portion of inner rim half (8). Runflat (2) should clear inner 
rim half (8). 
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12. 


13; 


14. 
15. 


16. 
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8-4. RADIAL TIRE, WHEEL, AND RUBBER RUNFLAT MAINTENANCE (Cont'd) 


NOTE 
e Ensure longer lip of runflat seats against outer rim half. 
¢ Align air notch in runflat with valve stem in the rim. 
Lubricate O-ring seal (7) with tire soap. Install O-ring seal (7), in groove (9) on top of inner rim 


half (8), around studs (10). Ensure O-ring seal (7) is not twisted and that it is uniformly positioned 


in groove (9). Do not overstretch O-ring seal (7). 


Install insert (12) and O-ring (13) on outer rim half (6) with locknut (14). Tighten locknut (14) to 


40-60 Ib-in. (5-7 N-m). 
Install valve core (11) in insert (12). 
Install outer rim half (6) on inner rim half (8). 


CAUTION 


Tighten locknuts gradually to avoid bent and broken studs or 
damage to wheel components. 


Secure outer rim half (6) to inner rim half (8) with twelve locknuts (5). Do not tighten locknuts (5). 
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8-4. RADIAL TIRE, WHEEL, AND RUBBER RUNFLAT MAINTENANCE (Cont'd) 


17. Tighten locknuts (1) to 85 lb-ft (115 N-m) in tightening sequence shown. 
18. Tighten locknuts (1) to 125 Ib-ft (170 N-m) in tightening sequence shown. 


19. Check wheel assembly (4) for gaps at each stud (2). Use a 0.0015 in. (0.038 mm) thickness gauge to 
detect gaps. If gaps are detected, disassemble and reassemble wheel assembly 4) and recheck for 
gaps. If gaps are still detected, replace outer rim half (3). 


WARNING 


¢ Always use a tire inflation cage for inflation purposes. Stand on one 
side of the cage during inflation; never directly in front. Keep hands 
out of cage during inflation. Inflate assembly to recommended 
pressure using a clip-on air chuck. Do not exceed 50 psi (345 kPa) 
cold-inflation pressure. Failure to follow these instructions may 
result in serious injury or death. 


Never inflate a wheel assembly without having checked wheel 
locknut torques to ensure the wheel locknuts are tightened to 
specifications. An assembly with improperly tightened locknuts could 
separate under pressure, resulting in serious injury or death. 


20. Place wheel assembly (4) in safety cage and inflate tire to recommended tire pressure (TM 9-2320-387-10). 


TIGHTENING SEQUENCE 


FOLLOW-ON TASK: Balance tire (para. 8-8). 
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8-5. RUNFLAT COMPRESSOR (P/N J39250) BELT REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: M 9 0-387-24F 


automotive (Appendix B, Item 1) 
Maintenance Level 


Materials/Parts aa 
Runflat belt repair kit 
(Appendix G, Item 364) 
NOTE 


Note position of belt for installation. 


1. Remove small pin (8) from belt (4) and worm gear shaft assembly (1). Discard small pin (8). 


2. Remove shaft pin (7) and worm gear shaft assembly (1) from compressor assembly (6). Discard shaft 
pin (7). 


3. Remove two locknuts (5), socket-head screws (2), spacers (3), and belt (4) from compressor assembly (6). 
Discard locknuts (5). 


b. Installation 
NOTE 


Belt overlap is to be positioned so there is an equal amount of belt 

on each side of worm gear shaft assembly. 
1. Install belt (4) on compressor assembly (6) with two spacers (3), socket-head screws (2), and locknuts (5). 
2. Install worm gear shaft assembly (1) on compressor assembly (6) with shaft pin (7). 
3. Install belt (4) to worm gear shaft assembly (1) with small pin (8). 
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8-6. RUNFLAT COMPRESSOR (P/N 528236) BELT REPLACEMENT 


This task covers: 
a. Removal 


INITIAL SETUP: 


b. Installation 


Manual References 


Tools 
General mechanic’s tool kit: (TM 9-2320-387-24P 


automotive (Appendix B, Item 1) 
: Maintenance Level 
Materials/Parts Unit 
Runflat belt repair kit 


(Appendix G, Item 365) 


a. Removal 


NOTE 
Note position of belt for installation. 


Remove locknut (1), capscrew (2), and belt (3) from compressor (4). Discard locknut (1). 


b. Installation 


1. Install belt (3) on compressor (4) with capscrew (2) and locknut (1). 
2. Loop free end of belt (3) around retaining bracket (5) as shown. 
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8-7. INNER RIM STUD MAINTENANCE 


This task covers: 
a. Removal c. Installation 
b. Cleaning and Inspection 
INITIAL SETUP: 
Tools General Safety Instructions (Cont’d) 
General mechanic’s tool kit: e Ensure tire is totally deflated before removing 
automotive (Appendix B, Item 1) wheel locknuts. 


e Never use wheel assemblies with damaged studs. 


e Never inflate a wheel assembly without first 
IM _9-2320-387-10 checking wheel locknut torques. 


TM 9-2320-387-24 e Always use a tire inflation cage and a clip-on air 
Equipment Condition chuck for tire inflation. 
Wheel removed (para. 8-3). Maintenance Level 


General Safety Instructions Unit 


e Always wear eye protection when 
replacing wheel studs. 


Manual References 


WARNING 


Always wear eye protection when replacing wheel studs. Severe eye 
injury may result if metal chips coritact eyes. 


NOTE 


Perform steps 1 through 4 for stud removal without disassembly of 
wheel. Perform steps 5 and 6 for stud removal with disassembled wheel. 


1. Place wheel assembly in tire inflation cage. 


WARNING 


In all assembly operations, ensure the tire is totally deflated before 
removing wheel locknuts. Failure to follow proper safety precautions 
may result in serious injury or death. 


2. Remove valve core (3) from valve bore (4) and deflate tire (1). Run a wire through valve bore (4) to 
ensure it is not plugged. 

3. When tire (1) is fully deflated, loosen wheel locknut (2) from each side of the broken stud(s) (5). If 
you hear escaping air, do not proceed. Wait until the sound stops and recheck valve bore (4). When 
you are certain tire is fully deflated, proceed to remove wheel locknut (2). Discard locknut (2). 
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8-7. INNER RIM STUD MAINTENANCE (Cont'd) 


NOTE 


When replacing broken rim stud(s), replace studs on both sides of the 
broken stud(s). 


4. Drive studs (1) out of inner rim (2). Discard studs (1). 
5. Disassemble wheel and runflat((para. 8-4). 
6. Drive stud (3) out of inner rim half (4). Discard stud (3). 


b. Cleaning and Inspection 


1. Using wire brush, clean studs. Clean all dirt and foreign material from rim with soap and water and 
allow to air-dry. 


WARNING 


Never use wheel assemblies with studs which are damaged, loose, or 
have damaged threads. Damaged studs can cause improper assembly, 
which could cause individual fasteners to fail. Any of these situations 
may result in serious injury or death. 


2. Inspect inner rim (4) for cracked, broken, rusted, pitted, bent, or loose studs (3), and studs (3) with 
damaged, mutilated, or deformed threads. 


NOTE 


Perform steps 1 and 2 for stud installation with disassembled wheel. 
Perform steps 3 through 11 for stud installation without disassembly of 
wheel. 


1. Align splines on stud (3) with splines in inner rim (4) and drive stud (3) into inner rim (4) until stud 
shoulder seats against inner rim (4). 


2. Assemble wheel and runflat[(para. 8-4). 


3. Align splines on stud (1) with splines in inner rim (2) and drive stud (1) into rim (2) until shoulder of 
stud (1) seats against inner rim (2). 


4. Repeat step 3 for all studs (1) being replaced. 


CAUTION 


Tighten locknuts gradually to avoid bent and broken studs or damage to 
wheel components will result. 


5. Install locknuts (6) on studs (1). 
NOTE 
After replacing broken stud(s), all rim nuts must be retorqued. 
6. Tighten locknuts (6) to 85 lb-ft (115 N-m) in sequence shown. 
7. Tighten locknuts (6) to 125 lb-ft (170 N-m) in sequence shown. 


8. Check wheel assembly for gaps at each stud. Use a 0.0015 in. (0.038 mm) thickness gauge to detect 
gaps. If gaps are detected, disassemble and ee wheel assembly and recheck for gaps. If gaps 
are still detected, replace outer rim half{ 


9. Install valve core (7) in valve bore (8). 
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8-7. INNER RIM STUD MAINTENANCE (Cont'd) 


WARNING 


e Never inflate a wheel assembly before checking wheel locknut torques to 
ensure the wheel locknuts are tightened to specifications. An assembly 
with improperly tightened locknuts could separate under pressure, 
resulting in serious injury or death. 


e Always use a tire inflation cage for inflation purposes. Stand on one side of 
the cage during inflation, never directly in front. Keep hands out of cage 

during inflation. Inflate assembly to recommended pressure, using a clip-on 
air chuck. Do not exceed 50 psi (345 kPa) cold inflation pressure. Failure to 
follow these instructions may result in serious injury or death. 


10. Place tire assembly (5) in safety cage and inflate front and rear tires to recommended tire pressure 


11. Check for leaks around rim edges, insert, and valve bore (8) with soapy solution. 


TIGHTENING SEQUENCE 


FOLLOW-ON TASK: Install wheell(para. 8-3). 
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8-8. TIRE BALANCING 


This task covers: 
Balancing 
INITIAL SETUP: 
Tools Personnel Required 
General mechanic's too! kit: One mechanic 
automotive (Appendix B, item 1) One assistant 
Test Equipment Manual References 
Bubble balancer (Appendix B, Item 114) _TM 9-2320-387-24F 
Materials/Parts Equipment Condition 
Wheel balance weights (as required) Wheel removed 
(Appendix G, Item 4) . 
Chalk (Appendix C, Item 20) piste cnance save 
Unit 
NOTE 


e Wheel and tire must be clean and free of foreign material. 
e Wheel must be centered on balancer, utilizing lug nut mounting holes. 
1. Mount tire (1) and wheel (2) on balancer, with curb side up. 
2. Locate and mark light spot (5) on tire (1). 
NOTE 


e If more than 29 oz of weight is required to balance tire, wheel and 
runfiat must be disassembled and tire rotated 180° on wheel. 


e Tires can be balanced using either adhesive-backed or clip-on type 
weights. Follow steps 3 through 10 if using adhesive-backed 
weights, or steps 11 through 15 for clip-on type weights. 


3. Add 6 oz of weight (4) to center of light spot (5) between wheel (2) and clamp ring (3) until weight 
required to balance tire (1) is met or exceeded. Do not permanently attach weights (4) at this time. 


4. If weight requirement is exceeded, evenly remove weights (4) in 1/2 oz increments from each side of 
light spot (5) until tire (1) and wheel (2) are properly balanced. 


5. Record amount of weights (4) used, and remove tire (1) and wheel (2) from balancer. 


6. Working from light spot (5) on front side of tire (1), mark rear side of tire (1) and inside of wheel (2) 
for light spot (5) identification. — 


7. Temporarily attach weights (4) with tape to inside of wheel (2), in a radial direction, following 
weight placement diagram. 


8. Repeat step 1 and add or subtract weights (4) until tire (1) is properly balanced. 
NOTE 
Wheel must be smooth and clean before attaching wheel weights. 


9. Remove adhesive backing from weights (4) and attach to inside of wheel (2) following weight 
placement diagram. 


10. Repeat step 1 to ensure tire (1) is properly balanced. 


11. Place a 6 oz weight (6) on edge of wheel (2) with clip (7) centered on light spot (5). Do not 
permanently attach weight (6) at this time. 
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8-8. TIRE BALANCING (Cont’d) 


12. 


13. 
14. 


15. 


Check wheel (2) and tire (1) for proper balance. If necessary, add weights (6) or replace 6 oz 
weight (6) with a lighter weight (6), making sure weight clips (7) are centered on light spot (5) and 
weights (6) are not permanently attached. 
Repeat step 12 until wheel (2) and tire (1) are properly balanced. 
Record total amount of weight (6) on wheel (2), and remove weight(s) (6) from wheel (2) and 
wheel (2) from balancer. 
NOTE 

Total amount of weight must be split evenly between inner and 

outer edges of wheel rim. For example, if 6 oz of total weight was 

required to balance wheel, attach 3 oz to outer edge of rim and 

3 oz to inner edge of rim. 
Attach weights (6) to inner and outer edges of wheel (2), ensuring weight clips (7) are centered on 
light spot (5), or weights (6) are placed evenly to sides of light spot (5) if more than one weight (6) is 
used. Using small hammer or clip claw-hammer tool, tap weights to conform to wheel (2) edge 
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FOLLOW-ON TASK: Install wheell(para_8-3). 
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8-9. FRONT WHEEL TOE-IN ALIGNMENT 


This task covers: 


a. Preliminary Inspection c. Toe-in Adjustment 
b. Toe-in Check 


INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: TM 9-2320-387-10 
automotive (Appendix B, Item 1) TM 9-2320-387-24P 
Materials/Parts . Equipment Condition 
Chalk (Appendix C, Item 20) ¢ Tires inflated to proper pressure|(TM 9-2320-387-10 


Personnel Required 


¢ Vehicle on level ground. 


One mechanic Maintenance Level 
One assistant Unit 
NOTE 


e |t is not necessary to perform front wheel toe-in alignment prior 
to the scheduled semiannual or 3,000 mile (4,827 km) mainte- 
nance interval unless abnormal vehicle handling or control is 
reported, or it is directed by another maintenance task. 


¢ Front wheel alignment adjustments other than toe-in are per- 
formed by GS maintenance (Chapter 34). 


¢ Ensure M1113 models have S250 shelter installed before per- 
forming front wheel toe-in alignment. 


a. Preliminary Inspection 


1. 
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Check all tires (6) for uniform tread wear. 
Raise vehicle and place support under lower control arms (9). 


Check geared hubs (4) for output spindle end play by grasping edges of tires (6) and attempting to 
move tires (6) up and down. Adjust spindle bearings if any spindle movement is apparent. 


Check for looseness of upper ball joints (3) by grasping top of tires (6), and attempting to move 
tires (6) in and out. Replace upper ball joints (3)|(para. 6-23) if tire (6) movement at top outer edge of 
tires (6) is 3/8 in. (9 mm) or more. 


Check for looseness of lower ball joints (7) by grasping bottom of tires (6), and attempting to move 
tires (6) in and out. Replace lower ball joints (7) (para. 6-24) if tire (6) movement at bottom outer edge of 
tires (6) is 1/2 in. (13 mm) or more. 


Lower vehicle. 


Check for looseness of tie rod ends (5) by attempting to move tie rods (8) vertically and horizontally. 
Replace tie rod end(s) (5) if any movement is apparent. 


Check for damaged control arm bushings (1). Replace upper control arms (2) or lower 
control arms (9) if bushings (1) are damaged. 
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8-9. FRONT WHEEL TOE-IN ALIGNMENT (Cont'd) 
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8-9. FRONT WHEEL TOE-IN ALIGNMENT (Cont'd) 
NOTE 


¢ To ensure proper alignment, vehicle must be at curb weight or 
normal operating weight. 


¢ Vehicle must be on level ground with wheels set straight ahead. 
¢ Steps 1 through 3 will determine centerline of tire. 
¢ Point of measurement for checking toe-in will be where lines 
marked in steps 1 and 3 intersect. 
Mark line (4) on center tread (1) of tire (2) 16-1/2 in. (42 cm) from ground. 
Measure total width of tire tread (3) and record. 
Mark line (5) on center tread (1) at one-half total tread width (3). 
Repeat steps 1 through 3 for opposite tire. 
Measure distance between points of measurement on front side of tires (2) and record. 


Rotate tires (2) by moving vehicle forward until points of measurement are 16-1/2-in. (42 cm) above 
the ground at rear side of tires (2). 


7. Measure distance between points of measurement on rear side of tires (2) and record. 
NOTE 


e If measurement is larger on front side of tires than measure 
ment on rear side of tires, tires have toe-out. 


¢ If toein alignment does not meet specifications, repeat check- 
ing procedures to eliminate any possible reading errors. 


1S oN eB 


8. Subtract measurement for front side of tires (2), obtained in step 5, from measurement for rear side of 
tires (2), steo 7. The result of this subtraction represents inches of toe-in. Refer to table 8-] for toe-in 
specifications. If toe-in does not meet specifications, adjust toe-in (task c.). 


Table 8-1. Toein Alignment Adjustment Specifications. 


TOE-IN (FRONT) ADJUSTMENT SPECIFICATIONS 


VEHICLE 
PAYLOAD 


Vehicle @curb weight} 1/4 +1/4 in. 
or normal operating | (6mm +6 mm) 
weight 


9. If toein is within specifications, refer to task c. and perform step 5. 
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POINT OF MEASUREMENT 
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8-9. FRONT WHEEL TOE-IN ALIGNMENT (Cont'd) 


| 1. Loosen two locknuts (3) and screws (1.1) securing clamps (1) on each adjusting sleeve (2). 


NOTE 


Toein can be increased or decreased by changing length of tie 
rods. A threaded sleeve is provided for this purpose. Both tie rods 
must be the same length +1/8 in. (3 mm) after adjustment. 
2. Turn each adjusting sleeve (2) equally, but in opposite directions. 
Roll vehicle rearward, then forward, to original position. 
4. Repeat toe-in check and adjustment procedures until correct adjustment is indicated. 
CAUTION 
Ensure bolt and nut on adjusting sleeve clamp nearest to geared 
hub is facing halfshaft. Bolt and nut on adjusting sleeve camp 


nearest to frame must be facing 180° away from stabilizer bar to 
prevent damage to equipment. 


W 


5. Secure two clamps (1) on each adjusting sleeve (2) with two screws (1.1) and locknuts (3). Tighten 
i locknuts (3) to 30 Ib-ft (40 N-m). 
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8-9. FRONT WHEEL TOE-IN ALIGNMENT (Cont'd) 


FOLLOW-ON TASK: Operate vehicle (TM 9-2320-387-10) and check for pull or wander. 
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8-10. REAR WHEEL TOE-OUT ALIGNMENT 


This task covers: 


a. Preliminary Inspection c. Toe-out Adjustment 
b. Toe-out Check 


INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: TM 9-2320-387-10 
automotive (Appendix B, Item 1) TM 9-2320-387-24P 
Maintenance and repair shop equipment: 
automotive (Appendix B, Item 2) Equipment Condition 
Personnel Required ° CHOSE OT or Pee 
One mechanic * Vehicle on level ground. 


One assistant 


Maintenance Level 
Unit 


NOTE 


e It is not necessary to perform rear wheel toe-out alignment prior to 
the scheduled semiannual or 3,000 mile (4,827 km) maintenance 
interval unless abnormal vehicle handling or control is reported, or 
it is directed by another maintenance task. 

¢ Rear wheel alignment adjustments other than toe-out are 
performed by DS maintenance (chapter 21). 


e Ensure M1113 models have S250 shelter installed before 
performing rear wheel toe-out alignment. 


a. Preliminary Inspection 


1. 
2 
3. 
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Check all tires (7) for uniform tread wear. 

Raise vehicle and place support under lower control arms (11). 

Check geared hubs (5) for output spindle end play by grasping edges of tires (7) and attempting to 
move tires (7) up and down. Adjust spindle bearings (para. 6-12) if any spindle movement is 
apparent. 


Check for looseness of upper ball joints (4) by grasping top of tires (7) and attempting to move tires (7) 
in and out. Replace upper ball joints (a) (para 623) if tire (7) movement at top outer edge of tires (7) 
is 3/8 in. (9 mm) or more. 


Check for looseness of lower ball joints (8) by grasping bottom of tires (7) and attempting to move 
tires (7) in and out. Replace lower ball joints (8) if tire (7) movement at bottom outer 
edge of tires (7) is 1/2 in. (13 mm) or more. 

Lower vehicle. 


Check for looseness of radius rod ends (6) by attempting to move adjusting sleeves (10) vertically and 
horizontally. Replace radius rod end(s) (6) if any movement is apparent. 


Check for damaged control arm bushings (1). Replace upper control arms (3) (para. 6-25)]or lower 
control arms (11) (para. 6-26) if bushings (1) are damaged. 


Proceed to task b. 
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8-10. REAR WHEEL TOE-OUT ALIGNMENT (Cont'd) 


A — 
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8-10. REAR WHEEL TOE-OUT ALIGNMENT (Cont'd) 


NOTE 
¢ To ensure proper alignment, vehicle must be at curb weight or 
normal operating weight. 


¢ Vehicle must be on level ground with wheels set straight ahead. 

¢ Steps 1 through 3 will determine centerline of tire. 

¢ Point of measurement for checking toe-out will be where lines 

marked in steps 1 and 3 intersect. 

Mark line (4) on center tread (1) of tire (2) 16-1/2-in. (42 cm) from ground. 
Measure total width of tire tread (3) and record. 
Mark line (5) on center tread (1) at one-half total tread width (3). 
Repeat steps 1 through 3 for opposite tire. 
Measure distance between points of measurement on front side of tires (2) and record. 


Rotate tires (2) by moving vehicle forward until points of measurement are 16-1/2 in. (42 cm) above 
the ground at rear side of tires (2). Repeat steps 1 through 4 for side of tires. 


7. Measure distance between points of measurement on rear side of tires (2) and record. 


NOTE 
e If measurement is larger on rear side of tires than 
measurement on front side of tires, tires have toe-in. 


e If toe-out alignment does not meet specifications, repeat 
checking procedures to eliminate any possible reading errors. 


8. Subtract meaurement obtained in step 7 for rear side of tires (2) from measurement obtained in step 
5 for front side of tires (2). The result of this subtraction represents inches of toe-out. Refer to|table’ 
[8-2|for toe-out specifications. If toe-out does not meet the specifications, adjust toe-out (task c.). 


Ow ae oO NOP 


Table 8-2. Toeout Alignment Adjustment Specifications. 


TOE-OUT (REAR) ADJUSTMENT SPECIFICATIONS 


VEHICLE 
PAYLOAD 


Vehicle @curb weight} 1/2 +1/4 in. 
or normal operating | (12.7 mm +6 mm) 
weight 


9. If toe-out is within specifications, refer to task c. and perform step 5. 
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8-10. REAR WHEEL TOE-OUT ALIGNMENT (Cont'd) 
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8-10. REAR WHEEL TOE-OUT ALIGNMENT (Cont'd) 


1. Loosen two locknuts (1) and screws (1.1) securing clamps (3) on each adjusting sleeve (2). 


NOTE 
Toein can be increased or decreased by changing length of tie 
rods. A threaded sleeve is provided for this purpose. Both tie rods 
must be the same length +1/8 in. (3 mm) after adjustment. 
2. Turn each adjusting sleeve (2) equally, but in opposite directions. 
Roll vehicle rearward, then forward, to original position. 
4. Repeat toein check and adjustment procedures until correct adjustment is indicated. 
CAUTION 
Ensure bolt and nut on adjusting sleeve clamp nearest to geared 
hub is facing halfshaft. Bolt and nut on adjusting sleeve clamp 


nearest to frame must be facing 180° away from stabilizer bar to 
prevent damage to equipment. 


W 


5. Secure two clamps (3) on each adjusting sleeve (2) with two screws (1.1) and locknuts (1). Tighten 
locknuts (1) to 30 Ib-ft (40 N-m). 


FOLLOW-ON TASK: Operate vehicle (TM _9-2320-387-10) and check for pull or wander. 
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Section Il. STEERING COMPONENTS MAINTENANCE 


8-11. STEERING COMPONENTS MAINTENANCE TASK SUMMARY 


TASK 
PARA. 


8-15. 


8-18. 
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PROCEDURES 


Steering Wheel Replacement 

Tie Rod Maintenance 

Pitman Arm Replacement 

Center Link Replacement 

Tie Rod End Replacement 

Idler Arm Maintenance 

Steering Column Replacement 

Intermediate Steering Shaft Replacement 

Steering Gear Replacement 

Steering Shaft U-Joint Replacement 

Intermediate Steering Shaft Close-off and Retainer Replacement 
Power Steering Pump and Pulley Replacement 

Power Steering Hydraulic System Pressure and Return Hose Replacement 
Power Steering System Hydraulic Control Valve Maintenance 
Power Steering Cooler Hose Replacement 

Power Steering System Bleeding 

Power Steering Relief Valve Cartridge Maintenance 
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8-12. STEERING WHEEL REPLACEMENT | | 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: | 
Tools Manual References 
General mechanic’s tool kit: 'TM 9-2320-387-24P 
automotive (Appendix B, Item 1) ; e 
Maintenance and repair shop equipment: Equipment Condition 
automotive (Appendix B, Item 2) e Horn switch removed (para_4-24)] 
Steering wheel puller (Appendix B, Item 159) ¢ Cancelling ring removed |(para 4-64). 
Materials/Parts Maintenance Level 
Nut (Appendix G, Item 243) Unit 


a. Removal 


1. Remove nut (2) from steering steering wheel (1) and shaft (3). Discard nut (2). 
2. Using puller, remove steering wheel (1). 


b. Installation 


1. Align splines on steering wheel (1) with splines on shaft (3). 
2. Install steering wheel (1) on shaft (3) with nut (2). Tighten nut (2) to 35 lb-ft (47 Nem). 
3. Peen nut (2). 


FOLLOW-ON TASKS: °« Install horn switch 
° Install cancelling ring|(para. 4-64). 


8-36 


TM 9-2320-387-24-1 


8-13. TIE ROD MAINTENANCE 


This task covers: 


a. Removal c. Assembly 
b. Disassembly d. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: 
automotive (Appendix B, Item 1) ML 9-2320-387-24F 


Maintenance and repair shop equipment: 


‘ . Equipment Condition 
automotive (Appendix B, Item 2) 


Puller kit (Appendix B, Item 157) oo of vehicle raised and supported (para. 8-2). 
MateraleParts Maintenance Level 
Two cotter pins (Appendix G, Item 35) Unit 
Two locknuts (Appendix G, Item 120) 
CAUTION 


Using a pickle fork instead of puller kit may damage serviceable 
components (boots). 


a. Removal 


1. Remove cotter pin (8) and slotted nut (7) from tie rod (2) and center link (1). Discard cotter pin (8). 


2; sear cotter pin (6), slotted nut (5), washer (4), and tie rod (2) from geared hub (3). Discard cotter 
pin (6). 
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| 8-13. TIE ROD MAINTENANCE (Cont'd) | 
NOTE 


¢ Disassembly procedures for tie rod and radius rod are basically 
the same. One tie rod end of the radius rod is different. 


¢ Scribe locating marks on adjusting sleeve and clamps for 
installation. 


1. Loosen two capscrews (10), locknuts (13), and clamps (11) securing tie rod ends (9) to adjusting sleeve (12). 
NOTE 


Note number of threads exposed on each tie rod end for installa- 
tion. Approximately the same number of threads should be 
exposed on each tie rod end. 


2. Remove two tie rod ends (9) from adjusting sleeve (12). 


3. Remove two locknuts (13), capscrews (10), and clamps (11) from adjusting sleeve (12). Discard 
locknuts (13). 


c. Assembly 


1. Install two clamps (11), capscrews (10), and nuts (13) on adjusting sleeve (12). 


2. Install two tie rod ends (9) into adjusting sleeve (12), turning tie rod ends (9) equally but in opposite 
directions. 


d. Installation 


1. Install tie rod (2) on center link (1) with slotted nut (7). Tighten slotted nut (7) to 70 lb-ft (95 N-m). 


CAUTION 


Do not loosen slotted nut to install cotter pin. Doing this may 
result in damage to equipment. 


2. Install tie rod (2) on geared hub (3) with washer (4) and slotted nut (5). Tighten slotted nut (5) to 
70 lb-ft (95 Nem). 


3. Install cotter pin (8) in slotted nut (7). 
4. Install cotter pin (6) in slotted nut (5). 


CAUTION 


Ensure the outboard clamp faces the halfshaft and the inboard 
clamp faces away from the stabilizer bar (front only) or damage to 
equipment may result. 


5. Tighten two locknuts (13). 
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8-13. TIE ROD MAINTENANCE (Cont'd) 


FOLLOW-ON TASKS: ¢ Lubricate tie rod end 


¢ Remove supports and lower front of vehicle (para. 8-2) 
¢ Align toe-in oem 25 
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8-14. PITMAN ARM REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: 
automotive (Appendix B, Item 1) Mi 0-387-24F 
Maintenance and repair shop equipment: ; - 
automotive (Appendix B, Item 2) Equipment Condition 
Puller kit (Appendix B, Item 157) Front of vehicle raised and supported (para. 8-2). 
Materials/Parts Maintenance Level 
Cotter pin (Appendix G, Item 35) Unit 


Lockwasher (Appendix G, Item 240) 


NOTE 


Ensure front wheels are in straight-ahead position while pitman 
arm is removed and installed. 


a. Removal 


1. Remove nut (1) and lockwasher (2) from steering gear shaft (4). Discard lockwasher (2). 

2. Using puller, remove pitman arm (3) from steering gear shaft (4). 

3. Remove cotter pin (6) and slotted nut (7) from pitman arm (3) and center link (5). Discard cotter pin (6). 
4. Using puller, remove pitman arm (3) from center link (5). 


b. Installation 


1. Install pitman arm (3) on steering gear shaft (4) with lockwasher (2) and nut (1). 


2. Install pitman arm (3) on center link (5) with slotted nut (7). Tighten slotted nut (7) to 80 lb-ft 
(108 Nem). 


3. Tighten nut (1) to 185 lb-ft (251 N-m). 
CAUTION 


Do not loosen slotted: nut to install cotter pin. Doing this may result 
in damage to equipment. 


4. Install cotter pin (6) in slotted nut (7). 
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8-14. PITMAN ARM REPLACEMENT (Cont'd) 


e Remove supports ard lower front of vehicle[{(para. 8-2). 


FOLLOW-ON TASKS: ¢ Lubricate pitman arm (TM 9-2320-387-10). 


8-41 


TM 9-2320-387-24-1 


8-15. CENTER LINK REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: (TM 9-2320-387-24P 
automotive (Appendix B, Item 1) ; . 
Maintenance and repair shop equipment: Equipment Condition 
automotive (Appendix B, Item 2) Front of vehicle raised and supported (para. 8-2}. 


Puller kit (Appendix B, Item 157) . 
Maintenance Level 


Materials/Parts Unit 
Four cotter pins (Appendix G, Item 35) 


CAUTION 


Using a pickle fork instead of puller kit may damage serviceable 
components (boots). 


a. Removal 


1. Remove cotter pin (5) and slotted nut (4) from idler arm (8) and center link (3). Discard cotter 
pin (5). 


2. Remove cotter pin (9) and slotted nut (10) from pitman arm (2) and center link (3). Discard cotter 
pin (9). 


3. Remove two cotter pins (1) and slotted nuts (6) from two tie rods (7) and center link (3). Discard 
cotter pins (1). 


4. Using puller, remove center link (3) from two tie rods (7), idler arm (8), and pitman arm (2). 


b. Installation 


CAUTION 


Do not loosen slotted nut to install cotter pin. Doing this may 
result in damage to equipment 


1. Install center link (3) on pitman arm (2) and idler arm (8) with slotted nuts (4) and (10). Tighten 
slotted nuts (4) and (10) to 80 lb-ft (108 N-m). 


2. Install cotter pins (5) and (9) in slotted nuts (4) and (10). 


3. Install two tie rods (7) on center link (3) with two slotted nuts (6). Tighten slotted nuts (6) to 70 lb-ft 
(95 N-m). 


4. Install two cotter pins (1) in slotted nuts (6). 
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8-15. CENTER LINK REPLACEMENT (Cont'd) 


FOLLOW-ON TASK: Remove supports and lower front of vehicle[(para. 8-2). 
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8-16. TIE ROD END REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: ‘TM 9-2320-387-10 
automotive (Appendix B, Item 1) (TM 9-2320-387-24P 
Maintenance and repair shop equipment: ; . 
automotive (Appendix B, Item 2) Equipment Condition 
Puller kit (Appendix B, Item 157) Front of vehicle raised and supported[(para. 8-2). 
Materials/Parts Maintenance Level 
Cotter pin (Appendix G, Item 35) Unit 


a. Removal 


1. Remove cotter pin (8), slotted nut (7), and washer (6) from tie rod end (4) and geared hub (5). 
Discard cotter pin (8). 


2. Using puller, remove tie rod end (4) from geared hub (5). 
NOTE 


Note number of threads exposed on each tie rod end for 
installation. Approximately the same number of threads should be 
exposed on each tie rod end. 


3. Loosen nut (9), capscrew (3), clamp (2), and tie rod end (4) from adjusting sleeve (1). 


b. Installation 
CAUTION 


Ensure clamp faces halfshaft or damage to equipment may result. 
1. Install tie rod end (4) into sleeve (1) with clamp (2), capscrew (3), and nut (9). 


CAUTION 


Do not loosen slotted nut to install cotter pin. Doing this may 
result in damage to equipment. 


2. Install tie rod end (4) on geared hub (5) with washer (6) and slotted nut (7). Tighten slotted nut (7) to 
70 Ib-f (95 Nem). 


3. Install cotter pin (8) in slotted nut (7). 
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8-16. TIE ROD END REPLACEMENT (Cont'd) 


FOLLOW-ON TASKS: ¢ Lubricate tie rod end (TM 9-2320-387-10) 


¢ Remove avo pers and lower Fant of as (para. 8-2). 
e Align toe-in (para. 8-9). 
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8-17. IDLER ARM MAINTENANCE 


This task covers: 


a. Removal c. Inspection 
b. Installation 


INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: 'TM 9-2320-387-10 
automotive (Appendix B, Item 1) 'TM 9-2320-387-24P 
Maintenance and repair shop equipment: . i 
automotive (Appendix B, Item 2) Equipment Condition 
Puller kit (Appendix B, Item 157) Front of vehicle raised and supported 
Spring scale, dial indicating (para. 8-2). 
(Appendix B, Item 2) Maintenance Level 
Materials/Parts vee 


Cotter pin (Appendix G, Item 35) 


a. Removal 


1. Remove cotter pin (1) and slotted nut (8) from idler arm (7) and center link (2). Discard cotter 
pin (1). 


2. Using puller, disconnect center link (2) from idler arm (7). 


3. Remove two nuts (6), washers (4), capscrews (3), washers (4), and idler arm (7) from frame (5). 


b. Installation 


1. Install] idler arm (7) on frame (5) with two washers (4), capscrews (3), washers (4), and nuts (6). 
Tighten nuts (6) to 60 lb-ft (81 N-m). 


2. Install idler arm (7) on center link (2) with slotted nut (8). Tighten slotted nut (8) to 
80 lb-ft (108 N-m). 


CAUTION 


Do not loosen slotted nut to install cotter pin. Doing this may 
result in damage to equipment. 


3. Install cotter pin (1) in slotted nut (8). 
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8-17. IDLER ARM MAINTENANCE (Cont'd) 
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8-17. IDLER ARM MAINTENANCE (Cont'd) 


NOTE 
Set front wheels in a straight-ahead position. 


1. Check idler arm (5) for visible damage, such as breaks and cracks. If damaged, replace idler arm (5). 
2. Check capscrews (4) for looseness of idler arm bracket (3) on frame (6). Tighten capscrews (4) if 
loose. 
| NOTE 
A flat steel plate or piece of scrap metal is required for step 3. 


Secure a flat steel plate or piece of scrap metal to front crossmember (2). 

Pull center link (1) downward to seat ball and socket of idler arm (5). 

Using flat surface on center link (1) as a guide, mark first reference line on steel plate or scrap 
metal, as shown in figure A. 


6. Position spring scale (7) on center link (1) and pull in an upward direction to obtain a 25 lb (11 kg) 
reading on spring scale (7). 


ee 


NOTE 
Maintain 25 lb (11 kg) reading on spring scale to perform step 7. 
7. Using flat surface on center link (1) as a guide, mark second reference line on steel plate or scrap 
metal, as shown in figure B. 
8. Remove spring scale (7) from center link (1). 
9. Remove clamp and steel plate or scrap metal from front crossmember (2). 


10. Measure distance between first and second reference lines on steel plate or scrap metal. If 
measurement exceeds 0.25 in. (6mm), replace idler arm (5). 
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8-17. IDLER ARM MAINTENANCE (Cont'd) 


FIRST REFERENCE UNE ~~ \ 
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FOLLOW-ON TASKS: e Lubricate idler arm|(TM 9-2220-287-10), 
¢ Remove supports and lower front of vehicle (para. 8-2). 
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8-18. STEERING COLUMN REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: "TM 9-2320-387-24P 
automotive (Appendix B, Item 1) ; e 
Maintenance and repair shop equipment: Equipment Condition 
automotive (Appendix B, Item 2) ¢ Steering wheel removed (para. 8-12). 
¢ Directional signal control removed 
Materials/Parts (para. 4-63). 
Two locknuts (Appendix G, Item 116) ; 
Locknut (Appendix G, Item 152) Maintenance Level 
Locknut (Appendix G, Item 141) Unit 


Locknut (Appendix G, Item 156) 

Lockwasher (Appendix G, Item 205) 

Nut and lockwasher assembly 
(Appendix G, Item 250) 


a. Removal 


1. 


va 
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Remove locknut (1), lockwasher (2), washer (3), and pin (5) from steering column (6) and mounting 
bracket (4). Discard lockwasher (2) and locknut (1). 


Remove nut and lockwasher assembly (17), screw (7), and ground wire 57C (8) from steering column (6). 
Discard nut and lockwasher assembly (17). 

Remove locknut (10), washer (11), capscrew (13), washer (11), and two brackets (9) from steering 
column (6). Discard locknut (10). 


Disconnect lead 25A (21) from steering column (6). 


NOTE 
When performing step 5, temporarily install steering wheel and 
turn steering column to gain access to steering column inter- 
mediate shaft mounting hardware. 


Remove locknut (12), washer (14), capscrew (15), washer (14), and intermediate shaft (16) from 
steering column (6). Discard locknut (12). 


Remove two locknuts (20), washers (18), screws (19), washers (18), and steering column (6) from 
mounting bracket (4). Discard locknuts (20). 
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8-18. STEERING COLUMN REPLACEMENT (Cont'd) 
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8-18. STEERING COLUMN REPLACEMENT (Cont’d} 
| 


1. Install steering column (6) on mounting bracket (4) with two washers (18), screws (19), washers (18), 
and locknuts (20). Tighten locknuts (20) finger-tight. 


2. Install intermediate shaft (16) on steering column (6) with washer (14), capscrew (15), washer (14), 
and locknut (12). Tighten locknut (12) to 40-50 lb-ft (54-68 N-m). 


3. Connect lead 25A (21) to steering column (6). 


4. Install two brackets (9) on steering column (6) with washer (11), capscrew (13), washer (11), and 
locknut (10). 


5. Install ground wire 57C (8) on steering column (6) with screw (7) and nut and lockwasher assembly (17). 
NOTE 
Ensure washer and pin locking tabs are in the UP position. 


6. Install steering column (6) on mounting bracket (4) with pin (5), washer (3), lockwasher (2), and 
locknut (1). Tighten locknut (1) finger-tight. 

7. Position steering column (6) in upright position and tighten locknut (1) to 12-15 lb-ft (16-20 N-m). 

8. Tighten two locknuts (20) to 9-11 lb-ft (12-15 N-m). 
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8-18. STEERING COLUMN REPLACEMENT (Cont'd) 


FOLLOW-ON TASKS: ° Install directional signal control (para _4-63). 
e Install steering wheel : 
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8-19. INTERMEDIATE STEERING SHAFT REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: (TM 9-232Z0-387+10 


automotive (Appendix B, Item 1) 
Maintenance and repair shop equipment: 


Maintenance Level 
automotive (Appendix B, Item 2) Maintenance Level 


Unit 
Materials/Parts 
Two locknuts (Appendix G, Item 141) 


NOTE 


Ensure front wheels are in straight-ahead position while removing 
and installing intermediate steering shaft. 


a. Removal 


1. Remove locknut (6), washer (5), capscrew (8), and washer (5) from intermediate steering shaft (4) 
and steering gear (7). Discard locknut (6). 


2. Remove locknut (2), washer (3), capscrew (9), washer (3), and steering shaft (4) from steering column (1). 
Discard locknut (2). 


b. Installation 


1. Install intermediate steering shaft (4) on steering gear (7) with washer (5), capscrew (8), washer (5), 
and locknut (6). Tighten locknut (6) to 40-50 lb-ft (54-68 N*m). 


2. Install steering shaft (4) on steering column (1) with washer (3), capscrew (9), washer (3), and locknut (2). 
Tighten locknut (2) to 40-50 lb-ft (54-68 Nm). 
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8-19. INTERMEDIATE STEERING SHAFT REPLACEMENT (Cont'd) 


FOLLOW-ON TASK: Lubricate steering shaft (TM 9-2320-387-10). 
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8-20. STEERING GEAR REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: TM 9-2320-387-1C 
automotive (Appendix B, Item 1) TM 9-2320-387-24F 
Maintenance and repair shop equipment: . a 
automotive (Appendix B, Item 2) Equipment Condition 
; ¢ Hood raised and secured (TM 9-2320-387-10). 
Materials/Parts e Battery ground cables disconnected|(para. 4-68). 


Locknut (Appendix G, Item 141) 
Lockwasher (Appendix G, Item 240) ; 
Three lockwashers (Appendix G, Item 234) Unit 


a. Removal 


Maintenance Level 


CAUTION 


Cover or plug all open lines and connections immediately after 
disconnection to prevent contamination. Remove all covers or 
plugs prior to connection. 


NOTE 
¢ Ensure front wheels are in the straight-ahead position. 
¢ Have drainage container ready to catch fluid. 
1. Disconnect two power steering lines (4) from steering gear (10). 
2. Turn steering wheel left and right several times to bleed off power steering fluid. 


3. Remove intermediate shaft locknut (1), washer (2), capscrew (5), and washer (2) and disconnect 
intermediate shaft (3) from steering gear (10). Discard locknut (1). 


4. Remove nut (14) and lockwasher (13) from pitman arm (12). Discard lockwasher (13). 
5. Remove pitman arm (12) from shaft (11). 


6. Remove three capscrews (8), lockwashers (7), washers (6), and steering gear (10) from frame (9). 
Discard lockwashers (7). 
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8-20. STEERING GEAR REPLACEMENT (Cont'd) 
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8-20. STEERING GEAR REPLACEMENT (Cont'd) 


1. Install steering gear (12) on frame (11) with three washers (8), lockwashers (9), and capscrews (10). 
Tighten capscrews (10) to 54-66 lb-ft (73-89 N-m). 


2. Align hole in yoke (3) with notch on steering gear splines (7) and slide intermediate shaft (4) on 
steering gear splines (7). 
3. Install intermediate shaft (4) to steering gear splines (7) with washer (2), capscrew (6), washer (2), 
and locknut (1). Tighten locknut (1) to 40-50 Ib-ft (54-68 N-m). 
4. Connect two power steering lines (5) to steering gear (12). 
NOTE 
Ensure front wheels are in the straight-ahead position. 


5. Install pitman arm (14) on shaft (13) with lockwasher (15) and nut (16). Tighten nut (16) to 
185 lb-ft (251 N-m). 


| _syyyy 
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8-20. STEERING GEAR REPLACEMENT (Cont'd) 


FOLLOW-ON TASKS: « Fill power steering reservoir (TM 9-2320-387-10). 
e Connect battery ground cables|(para. 4-68). 
¢ Bleed power steering system|(para. 8-27 
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8-21. STEERING SHAFT U-JOINT REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: |TM 9-2320-387-24P 
automotive (Appendix B, Item 1) . . 
Universal joint bearing kit Equipment Condition 
(Appendix B, Item 161) Intermediate steering shaft removed (para. 8-19). 
Materials/Parts Maintenance Level 
Center parts kit (Appendix G, Item 21) Unit 


a. Removal 


CAUTION 
Do not drop bearing cups. Needle bearings can be easily lost. 
NOTE 


Removal and installation procedures are basically the same for both 
U-joints. This procedure covers the U-joint attached to steering gear. 


1. Remove grease fitting (6) from cross (1). 
2. Remove two snaprings (3) from bearing cups (4) in steering gear yoke (5). 


3. Position steering gear yoke (5) in vise with 1-1/8-in. socket between vise jaw and bearing cup (4) 
being removed. Ensure open end of socket is facing bearing cup (4). 


4. Place 11/16-in. socket between opposite bearing cup (4) and vise jaw. Ensure open end of socket is 
facing vise jaw. 


Press bearing cup (4) out of steering gear yoke (5) and remove bearing cup (4) from cross (1). 
Reverse position of sockets and press remaining bearing cup (4) out of steering gear yoke (5). 
Remove steering gear yoke (5) from cross (1). 

Repeat steps 2 through 6 for steering shaft yoke (2). 

Remove cross (1) from steering shaft yoke (2). 


b. Installation 


1. Install cross (1) into steering shaft yoke (2). 
2. Install bearing cup (4) into steering shaft yoke (2). 


CAUTION 


Ensure bearing cup is aligned with steering shaft yoke before 


pressing in with vise. Damage to cross and bearing cups will result if 
forced into yoke. 


3. Place steering shaft yoke (2) in vise with 11/16-in. socket between vise jaw and bearing cup (4). 


4. Press bearing cup (4) into steering shaft yoke (2) far enough to install snapring (3) and install 
snapring (3) on bearing cup (4). 


ee ae 


5. Install other bearing cup (4) into steering shaft yoke (2). 
6. Place steering shaft yoke (2) in vise with 11/16-in. socket between bearing cup (4) and vise jaw. 


7. Press bearing cup (4) into steering shaft yoke (2) far enough to install snapring (3) and install 
snapring (3) on bearing cup (4). 
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8-21. STEERING SHAFT U-JOINT REPLACEMENT (Cont'd) 


8. Repeat steps 2 through 7 to install steering gear yoke (5) on cross (1). 
CAUTION 


Ensure grease fitting on cross faces steering shaft. Damage to 
equipment will result if improperly installed. 


9. Install grease fitting (6) into cross (1). 


1-1/8 IN. 11/16 IN. 


FOLLOW-ON TASK: Install intermediate steering shaft (para. 8-19). 
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8-22. INTERMEDIATE STEERING SHAFT CLOSE-OFF AND RETAINER REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Personnel Required 
Genera! mechanic’s too] kit: One mechanic 
automotive (Appendix B, Item 1) One assistant 
Maintenance and repair shop equipment: 
automotive (Appendix B, Item 2) Manual References 
TM 9-2320-387-24F 
Materials/Parts 
Four locknuts (Appendix G, Item 109) Maintenance Level 
Locknut (Appendix G, Item 141) Unit 
NOTE 


Perform steps a.1 and b.2 only when replacing close-off retainer. 
Close-off may be replaced without disconnecting intermediate 
steering shaft. 


1. Remove locknut (8), washer (9), capscrew (11), and washer (9) and disconnect intermediate steering 
shaft (10) from steering column (2). Discard locknut (8). 


2. Remove four locknuts (12), washers (6), capscrews (5), and washers (6) from hand throttle bracket (7), 
close-off retainer (4), close-off (3), and cowl panel (1). Remove close-off retainer (4) and close-off (3) 
from steering shaft (10). Discard locknuts (12). 


b. Installation 


1. Install close-off (3) and close-off retainer (4) on cowl panel (1) and hand throttle bracket (7) with four 
washers (6), capscrews (5), washers (6), and locknuts (12). Tighten locknuts (12) to 8 lb-ft (11 N-m). 


2. Install intermediate steering shaft (10) through close-off (3) on steering column (2) with washer (9), 
capscrew (11), washer (9), and locknut (8). Tighten locknut (8) to 40-50 Ib-ft (54-68 N-m). 
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8-22. INTERMEDIATE STEERING SHAFT CLOSE-OFF AND RETAINER REPLACEMENT (Cont'd) 
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8-23. POWER STEERING PUMP AND PULLEY REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: TM_9-2320-387-10 
automotive (Appendix B, Item 1) TM _ 9-2320-387-24P 
Maintenance and repair shop equipment: ; . 
automotive (Appendix B, Item 2) Equipment Condition 
; * Hood raised and secured|(TM_ 9-2320-387-10 
Special Tools ¢ Serpentine drivebelt removed (para. 3-81). 


Pulley installer (Appendix B, Item 121) 
Maintenance Level 


Materials/Parts Unit 


Lockwasher (Appendix G, Item 239) 
O-ring seal (Appendix G, Item 286) 


a. Removal 


CAUTION 


Cover or plug all hoses and connections immediately after 
disconnection to prevent contamination. Remove all plugs prior to 
connection. 


1. Loosen two clamps (2) and disconnect return lines (1) and high-pressure line (5) from power 
steering pump (3). Remove O-ring (4) from high-pressure line (5). Discard O-ring (4). 


2. Remove nut (7), damp (8), and wiring harness (6) from power steering pump (3). 


3. Remove nut (15), lockwasher (14), washer (13), capscrew (9), washer (10), and idler pulley (11) from 
bracket (12). Discard lockwasher (14). 


4. Remove two capscrews (17), capscrew (18), and power steering pump (3) from mounting bracket (16). 
5. Remove capscrew (19), washer (20), and power steering pulley (21) from power steering pump (3). 


b. Installation 
CAUTION 


Serpentine belt failure (abnormal wear or drive belt dislodgement) 
can be caused by misalignment of pulleys, improper installation, or 
foreign objects introduced into belt path. Inspect power steering pump 


pulley for proper installation and ease of rotation. Any wobble or 
misalignment will cause belt failure. Refer to para. 3-81 for pulley 
alignment procedures. 
NOTE 
Ensure flat surface of pulley is facing out and is flush with pump shaft. 
Using pulley installer, install pulley (21) on power steering pump (3). 


secure pulley (21) to power steering pump (3) with washer (20) and capscrew (19). Tighten 
capscrew (19) to 37 Ik-ft (50 Nem). 0p g 


Install power steering pump (3) on mounting bracket (16) with capscrew (18) and two capscrews (17). 


Install idler pulley (11) on bracket (12) with washer (10), capscrew (9), washer (13), lockwasher (14), 
and nut (15). 


Install O-ring (4) on high-pressure line (5) and install high-pressure line (5) on power steering pump (3). 
Install two return lines (1) on power steering pump (3) and tighten clamps (2). 
Install wiring harness (6) and clamp (8) on power steering pump (3) with nut (7). 


NP 


“oor 
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8-23. POWER STEERING PUMP AND PULLEY REPLACEMENT (Cont‘d) 


FOLLOW-ON TASKS: ¢ Install serpentine drivebelt;(para—3-81 
e Bleed power steering systemn/t para 6-24). 
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8-24. POWER STEERING HYDRAULIC SYSTEM PRESSURE AND RETURN HOSE 
REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: ¢ Hood raised and secured (TM 9-2320-387-10) 
automotive (Appendix B, Item 1) ¢ Battery ground cables disconnected (para. 4-68). 
Materials/Parts General Safety Instructions 
Three locknuts (Appendix G, Item 109) Do not drain fluid when engine is hot. 


Two O-ring seals (Appendix G, Item 286) ; 
Maintenance Level 


Manual References Unit 


TM _9-2320-387-10 
(IM 9-2320-387-241 


NOTE 


The replacement procedure is basically the same for all hydraulic 
system pressure and return hoses. This procedure covers the 
power steering pump-to-hydro-booster return hose and the 
steering gear-to-hydro-booster pressure hose. 


a. Removal 


WARNING 
Do not drain fluid when engine is hot. Severe injury to personnel 
will result. 
CAUTION 


Cover or plug all hoses and connections immediately after disconnec- 
tion to prevent contamination. Remove all covers or plugs prior to 
connection. 
NOTE 
Have drainage container ready to catch fluid. 


1. Loosen two clamps (4) and disconnect return hose (6) from power steering pump (8) and hydro- 
booster (17). 


2. Remove two locknuts (10), washers (11), and capscrews (12) from clamps (13) and (14). Remove 
clamps (13) and (5) from return hose (6). Discard locknuts (10). 


3. Remove locknut (7), washer (2), capscrew (1), washer (2), two clamps (5), harness clamp (3), and 
ie hose (6) from power steering lines bracket (9). Remove clamp (5) from return hose (6). Discard 
locknut (7). 


4. Remove pressure hose (15) from hydro-booster (17) and steering gear (18). Remove two O-ring 
seals (16) from pressure hose (15). Discard O-ring seals (16). 


b. Installation 


1. Install two O-ring seals (16) on pressure hose (15) and connect pressure hose (15) to steering 
gear (18) and hydro-booster (17). 


2. Connect return hose (6) to power steering pump (8) and hydro-booster (17) with two clamps (4). 


3. Install clamps (13) and (5) on return hose (6) and secure clamps (13) and (14) with capscrews (12), 
washers (11), and locknuts (10). 


4. Install harness clamp (3) and two clamps (5) on power steering lines bracket (9) with washer (2), 
capscrew (1), washer (2), and locknut (7). 
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STEM PRESSURE AND RETURN HOSE 


8-24. POWER STEERING HYDRAULIC SY 
REPLACEMENT (Cont'd) 


¢ Bleed power steering system 


FOLLOW-ON TASKS: « Connect battery ground cables 
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8-25. POWER STEERING SYSTEM HYDRAULIC CONTROL VALVE MAINTENANCE 


This task covers: 


a. Removal c. Inspection 
b. Back Flush Procedure d. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: ¢ Battery ground cables disconnected|(para. 4-68). 
automotive (Appendix B, Item 1) ¢ Hood raised and secured (TM 9-2320-387-10). 


Maintenance and repair shop equipment: 


automotive (Appendix B, Item 2) General Safety Instructions 


Do not drain fluid when engine is hot. 
Manual References 


TM 9-2320-387-10 Maintenance Level 
TM 9-2320-387-24F Unit 
NOTE 


If referred here from chapter 2 troubleshooting instructions to 
perform back flush procedure, follow steps 1 through 4 and then 
proceed to task b. 


a. Removal 


WARNING 


Do not drain fluid when engine is hot. Severe injury to personnel 
will result. 
CAUTION 


Cover or plug all hoses and connections immediately after 
disconnection to prevent contamination. Remove all plugs prior to 
connection. 


NOTE 
© Note location of hoses for installation. 
e Have drainage container ready to catch fluid. 


1. Loosen clamp (2) and disconnect power steering return line hose (1) from control valve elbow (4). 
2. Loosen clamp (11) and disconnect fan clutch hose (12) from control valve fitting (10). 

3. Loosen clamp (14) and disconnect steering gear hose (13) from control valve elbow (3). 

4. Disconnect time-delay module connector (6) from control valve connector (7). 

5. Loosen clamp (5) and remove control valve (8) from bracket (9). 


b. Back Flush Procedure 


1. Connect battery ground cables (para. 4-68). 
2. Install steering gear hose (13) on control valve fitting (10). 


3. Remove control valve elbow (4) from control valve (8) and install pipe plug (15) (NSN 4730-00-011-2578) 
on control valve (8). 


4. Install drain hose (16) (make from NSN 4720-01-186-2358, 36 in. (91.4 cm) long) on control valve elbow (3). 
5. Place drainage container underneath drain hose (16) to catch fluid. 
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8-25. POWER STEERING SYSTEM HYDRAULIC CONTROL VALVE MAINTENANCE (Cont'd) 
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8-25. POWER STEERING SYSTEM HYDRAULIC CONTROL VALVE MAINTENANCE (Cont'd) 


CAUTION 


¢ Toensure there is no load on the steering gear, position front 
wheels straight ahead before starting engine. Failure to do this 
may cause damage to the control valve. 


¢ Maintain power steering fluid level at all times while performing 
back flush procedure to prevent air from entering power steering 
system. Failure to do this may result in damage to equipment. 


6. Start engine and allow torun for about two or three seconds and stop, check, and fill power 
steering reservoir. Repeat the process once. 


7. Remove pipe plug (2) from control valve (7). 

8. Install control valve elbow (1) on control valve (7). 

9. Remove steering gear hose (4) from control valve fitting (3) and install on control valve elbow (1). 
10. Remove control valve fitting (3) from control valve (7) and install pipe plug (2) on control valve (7). 


CAUTION 


¢ Toensure there is no load on the steering gear, position front 
wheels straight ahead before starting engine. Failure to do this 
may cause damage to the control valve. 


¢ Maintain power steering fluid level at all times while performing 
back flush procedure to prevent air from entering power steering 
system. Failure to do this may result in damage to equipment. 


ll. Start engine and allow torun for about two to three seconds and stop, check, and fill power steering 
reservoir. Repeat the process once. 


12. Remove drain hose (5) from control valve elbow (6). 

13. Remove steering gear hose (4) from control valve elbow (1). 
14. Remove pipe plug (2) from control valve (7). 

15. Install control valve fitting (3) on control valve (7). 

16. Disconnect battery ground cabled (para. 4-68). 


1. Inspect elbows (6) and (1) for damage. Replace elbows (6) or (1) if damaged. 
2. Inspect valve fitting (3) for damage. Replace valve fitting (3) if damaged. 


d. Installation 


NOTE 
Perform step 1 only if control valve was removed. 
1. Install control valve (7) on bracket (13) with clamp (10). 


2. Connect steering gear hose (4) to control valve elbow (6) and tighten clamp (16) to 30-40 Ib-in. 
(3.4-4.5 N-m). 


3. Connect fan clutch hose (15) to control valve fitting (3) and tighten clamp (14) to 30-40 Ib-in. 
(3.4-4.5 N-m). 


4. Connect power steering return line hose (8) to control valve elbow (1) and tighten clamp (9) to 
30-40 Ib-in. (3.4-4.5 N-m). 


5. Connect time delay module connector (11) to control valve connector (12). 
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8-25. POWER STEERING SYSTEM HYDRAULIC CONTROL VALVE MAINTENANCE (Cont'd) 
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FOLLOW-ON TASKS: ¢ Connect battery ground cables|(para. 4-68). 
¢ Bleed power steering system|(para. 8-27). 
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8-26. POWER STEERING COOLER HOSE REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: Hood raised and secured (TM 9-2320-387-10). 


automotive (Appendix B, Item 1 
- (APP General Safety Instructions 
Materials/Parts Do not drain fluid when engine is hot. 
Two locknuts (Appendix G, Item 109) . 
Tiedown strap (Appendix G, Item 462) Maintenance Level 
Unit 


Manual References 
TM 9-2320-387-1¢ 
TM 9-2320-387-24F 


a. Removal 


WARNING 


Do not drain fluid when engine is hot. Severe injury to personnel 
will result. 
CAUTION 


Cover or plug all hoses and connections immediately after 
disconnection to prevent contamination. Remove all covers or 
plugs prior to connection. 


NOTE 
Have drainage container ready to catch fluid. 
1. Loosen two clamps (13) and disconnect hoses (7) and (10) from cooler ports (12). 


2. Remove tiedown strap (14) from oil cooler lines (11) and hoses (7) and (10). Discard tiedown 
strap (14). 


3. Loosen clamp (9) and remove hose (10) from steering gear (8). 


4. Remove two locknuts (6), washers (5), and capscrews (1) from four clamps (4) on hoses (7) and (15). 
Discard locknuts (6). 


5. Loosen clamp (2) and remove hose (7) from control valve elbow (3) and remove hose (7). 


b. Installation 


1. Install hose (7) on control valve elbow (3) and tighten clamp (2). 


2. Position hoses (7) and (15) with four clamps (4) and install two capscrews (1), washers (5), and 
locknuts (6). 


3. Install hose (10) on steering gear (8) and tighten clamp (9). 
4. Connect hoses (7) and (10) to cooler ports (12) and tighten two clamps (13). 
5. Install tiedown strap (14) on oil cooler lines (11) and hoses (7) and (10). 
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8-26. POWER STEERING COOLER HOSE REPLACEMENT (Cont'd) 
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FOLLOW-ON TASK: Bleed power steering system[(para. 8-27). 
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8-27. POWER STEERING SYSTEM BLEEDING 


This task covers: 


Bleeding 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: TM 9-2320-387-10 
automotive (Appendix B, Item 1) TM 9-2320-387-24P 
Personnel Required Equipment Condition 
One mechanic Hood raised and secured (TM 9-2320-387-10) 


One assistant 
Maintenance Level 


Unit 


Bleeding 


1. Ensure engine is shut off (TM 9-2320-387-10) and turn wheels all the way to the left. 


2. Add power steering fluid (TM 9-2320-387-10) to FULL COLD level on reservoir. Leave reservoir cap 
off. 


3. Raise front wheels off ground |(para. 8-2). 


4. Turn steering wheel left and right, holding wheels at steering stops for five seconds, for at least 
40 times. 


NOTE 


¢ Power steering fluid must be free of bubbles and foam. If bubbles or foam 
are noted, it could be an indication of a loose connection or leaky O-ring. 


¢ Fluid with air in it will havea milky appearance. Air must be eliminated 
from system before normal steering action can be obtained. 


5. Check power steering fluid level (TM 9-2320-387-10). If any bubbles are seen, repeat step 4. 


6. Start engine (TM 9-2320-387-10) and with engine idling, add power steering fluid 
TM 9-2320-387-10) if necessary. Install reservoir cap. 


7. Turn wheels to center, shut off engine, and lower front wheels to ground (para. 8-2). 


8. Start engine (TM 9-2320-387-10) and run engine for two or three minutes, turning wheels left and 
right. 


NOTE 


If pump is noisy, recheck hoses for possible contact with vehicle 
body or engine. If no contact is found and noise continues, turn 
engine off and repressurize system by following steps 9 and/or 10. 


9. Remove reservoir cap. Wait for system to cool. Reinstall reservoir cap. Start engine (TM 9-2320- 
387-10) and check pump for noise. If noise is still present, continue to step 10. If noise stopped, 
proceed to step 11. 


10. Turn engine off (TM 9-2320-387-10). Remove fluid from reservoir using a suction device. Refill 
reservoir with clean, cool fluid. Install reservoir cap. Start engine (TM 9-2320-387-10) and check 
pump for noise. If noise is still present, replace power steering pump |(para. 8-23). 


11. Turn engine off (TM 9-2320-387-10) 


FOLLOW-ON TASKS: ¢ Check power steering fluid level (TM 9-2320-387-10 
e Lower and secure hood (TM 9-2320-387-10 
¢ Operate vehicle and check for proper steering operation) (TM 9-2320-387-10 
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8-28. POWER STEERING RELIEF VALVE CARTRIDGE MAINTENANCE 


This task covers: 


a. Removal c. Installation 
b. Inspection 


INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: ¢ Hood raised and secured| (TM 9-2320-387-10). 
automotive (Appendix B, Item 1) ¢ Battery ground cables disconnected|(para. 4-68). 
Materials/Parts Maintenance Level 
O-ring seal (Appendix G, Item 291) Unit support 


O-ring seal (Appendix G, Item 285) 


Manual References 


TM 9-2320-387-10 
TM 9-2320-387-24F 


a. Removal 


CAUTION 


Cover or plug all hoses and connections immediately after 
disconnection to prevent contamination. Remove all covers or plugs 
prior to connection. 
NOTE 
Have drainage container ready to catch fluid. 


1. Disconnect high-pressure line (1) from power steering pump (7). Remove O-ring (2) from high- 
pressure line (1). Discard O-ring (2). 


NOTE 


Fitting assembly is spring-loaded. Remove carefully to avoid 
losing parts. 


2. Remove fitting assembly (3) and O-ring seal (4) from pump (7). Discard O-ring seal (4). 
3. Remove relief valve (5) and valve spring (6) from pump (7). 


~ 
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8-28. POWER STEERING RELIEF VALVE CARTRIDGE MAINTENANCE (Cont'd) 


Inspect external surface of relief valve (5) for burrs, nicks, or damage. Inspect relief valve (5) bore and 
screen for damage or debris. Inspect valve spring (6) for damage. Replace both relief valve (5) and valve 
spring (6) if either is damaged. 


c. Installation 


1. Install valve spring (6) and relief valve (5) in pump (7). 
2. Install O-ring seal (4) and fitting (3) in pump (7). Tighten fitting (3) in pump (7) to 37 lb-ft (50 N-m). 
3. Install O-ring (2) on high-pressure line (1) and install high-pressure line (1) on pump (7). 


FOLLOW-ON TASKS: ¢ Connect battery ground cables|(para. 4-68). 
¢ Bleed power steering system|{para. 8-27). 
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CHAPTER 9 
FRAME (UNIT) MAINTENANCE 


9-1. FRAME MAINTENANCE TASK SUMMARY 


TASK . 
PARA. PROCEDURES 


[9-2] Front Bumper and Towing Brackets Replacement 
[9-3] Frame Extension Replacement 

[9-4] Tiedown Ring Replacement 

9-5) Radiator Front Mount Bracket Replacement 

[9-6] Rear Bumper Brace Replacement 

[9-7] Rear Bumper Replacement 

[9-8] Rear Bumper Inner Mounting Bracket Replacement 
[9-9] Towing Pintle Maintenance 

[9-10] Transmission Mount Crossmember Replacement 
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9-2. FRONT BUMPER AND TOWING BRACKETS REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual! References 
General mechanic’s tool kit: M 9-2320-387-24F 
automotive (Appendix B, Item 1) . ~ 
Maintenance and repair shop equipment: Equipment Condition 
automotive (Appendix B, Item 2) Winch removed (M1113 only) (para. 12-27). 
Materials/Parts Maintenance Level 
Two spring washers (Appendix G, Item 452) Unit 


Six locknuts (Appendix G, Item 117) 
Four locknuts (Appendix G, Item 121) 
Two cotter pins (Appendix G, Item 34) 


a. Removal 


1. Remove two cotter pins (12), nuts (11), spring washers (10), capscrews (8), and shackles (9) from 
towing brackets (7). Discard cotter pins (12) and spring washers (10). 


2. Remove four locknuts (5), washers (6), capscrews (13), washers (6), and two towing brackets (7) from 
bumper (1). Discard locknuts (5). 


3. Remove six locknuts (3), washers (4), capscrews (14), washers (4), and front bumper (1) from two 
mounting brackets (2). Discard locknuts (3). 


b. Installation 


1. Install front bumper (1) on two mounting brackets (2) with six washers (4), capscrews (14), 
washers (4), and locknuts (3). Tighten locknuts (3) to 90 lb-ft (122 N-m). 


2. Install two towing brackets (7) on bumper (1) with four washers (6), capscrews (13), washers (6), and 
locknuts (5). Tighten locknuts (5) to 90 lb-ft (122 N-m). 


3. Install two shackles (9) on towing brackets (7) with two capscrews (8), spring washers (10), nuts (11), 


DN 


and cotter pins (12). 


FOLLOW-ON TASK: Install winch (M1113 only) (para. 12-27). 
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9-3. FRAME EXTENSION REPLACEMENT 


This task covers: 


a. Removal b. Installation 


INITIAL SETUP: 
Tools Equipment Condition 
General mechanic’s tool kit: e Front bumper removed {para. 9-2). 
automotive (Appendix B, Item 1) ¢ Hood and hinge removed (para. 10-7). 
Maintenance and repair shop equipment: e Headlight housing removed (para. 10-18). 
automotive (Appendix B, Item 2) ¢ Tiedown ring removed [para. 9-4). 
Materials/Parts 


Maintenance Level 


Three locknuts (Appendix G, Item 121) Unit 


Manual References 


TM 9-2320-387-244 


a. Removal 


Remove three locknuts (2), washers (3), capscrews (5), washers (3), mounting bracket (1), and frame 
extension (6) from frame (4). Discard locknuts (2). 


b. Installation 


install mounting bracket (1) and frame extension (6) on frame (4) with three washers (3), capscrews (5), 
washers (3), and locknuts (2). Tighten locknuts (2) to 90 lb-ft (122 Nem). 


FOLLOW-ON TASKS: ¢ Install tiedown ring (para. 9-4). 


e Install headlight housing (para. 10-18). 
¢ Install hood and hinge (para. 10-7). 
* Install front bumper (para. 9-2). 
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9-4. TIEDOWN RING REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: (TM 9-2320-387-24P 
automotive (Appendix B, Item 1) : 
Maintenance and repair shop equipment: Maintenance Level 
automotive (Appendix B, Item 2) Unit 
Materials/Parts 


Cotter pin (Appendix G, Item 34) 


a. Removal 


Remove cotter pin (2), nut (3), and tiedown ring (1) from mounting bracket (4). Discard cotter pin (2). 


b. Installation 


Install tiedown ring (1) on mounting bracket (4) with nut (3). Tighten nut (3) to 16 lb-ft (22 N-m), 
back off to nearest cotter pin (2) slot, and install cotter pin (2). 


TM 9-2320-387-24-1 


9-5. RADIATOR FRONT MOUNT BRACKET REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: (TM 9-2320-387-24P 
automotive (Appendix B, Item 1) ; a 
Maintenance and repair shop equipment: Equipment Condition 
automotive (Appendix B, Item 2) Headlight housing removed (para. 10-18). 
Materials/Parts Maintenance Level 
Three locknuts (Appendix G, Item 121) Unit 


a. Removal 


1. Remove locknut (2), two washers (3), capscrew (11), washer (3), spacer (10), mount (4), and 
radiator (1) from front mount bracket (9). Discard locknut (2). 


2. Remove two locknuts (12), washers (7), capscrews (6), washers (7), spacers (5), and bracket (9) from 
front suspension crossmember (8). Discard locknuts (12). 


b. Installation 


1. Install bracket (9) on front suspension crossmember (8) with two spacers (5), washers (7), cap- 
screws (6), washers (7), and locknuts (12). Tighten locknuts (12) to 90 lb-ft (122 Nem). 


2. Install mount (4) and radiator (1) on front mount bracket (9) with washer (3), spacer (10), cap- 
screw (11), two washers (3), and locknut (2). Tighten locknut (2) to 30 Ib-ft (41 N-«m). 
= <3 
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FOLLOW-ON TASK: Install headlight housing (para. 10-18). 
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9-6. REAR BUMPER BRACE REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: TM 9-2320-387-24P 
automotive (Appendix B, Item 1) : 
Maintenance and repair shop equipment: Maintenance Level 
automotive (Appendix B, Item 2) Unit 
Materials/Parts 


Three locknuts (Appendix G, Item 121) 


NOTE 


Replacement procedures for inner and outer bumper braces are 
basically the same. This procedure covers the outer bumper brace. 


a. Removal 
1. Remove locknut (5), washer (2), capscrew (1), and washer (2) from rear bumper brace (3) and frame 
rail (4). Discard locknut (5). 


2. Remove two locknuts (9), washers (7), capscrews (6), washers (7), and rear bumper brace (3) from rear 
bumper (8). Discard locknuts (9). 


b. Installation 


1. Install rear bumper brace (3) on rear bumper (8) with two washers (7), capscrews (6), washers (7), and 
locknuts (9). 


2. Install rear bumper brace (3) on frame rail (4) with washer (2), capscrew (1), washer (2), and locknut (5). 
Tighten locknuts (5) and (9) to 90 lb-ft (122 Nem). 
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9-6. REAR BUMPER BRACE REPLACEMENT (Cont'd) 


M1113 VEHICLES 
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9-7. REAR BUMPER REPLACEMENT 


This task covers: 


a. Removal b. Installation 
INITIAL SETUP: 
Tools Personnel Required 
General mechanic’s tool kit: One mechanic 
automotive (Appendix B, Item 1) One assistant 
Maintenance and repair shop equipment: 
automotive (Appendix B, Item 2) Manual References 
TM 9-2320-387-24P 
Materials/Parts 
Sixteen locknuts (Appendix G, Item 121) Equipment Condition 
Six nut and lockwasher assemblies Towing pintle removed (para. 9-9). 
(Appendix G, Item 244) : 
Two cotter pins (Appendix G, Item 38) Maintenance Level 
Two cotter pins (Appendix G, Item 34) Unit 


Two spring washers (Appendix G, Item 452) 


1. Remove four nut and lockwasher assemblies (7), capscrews (13), and trailer receptacle cover (14) 
from trailer receptacle (8). Discard nut and lockwasher assemblies (7). 


2. Remove two nut and lockwasher assemblies (9), capscrews (12), plate (11), and trailer 
receptacle (8) from rear bumper (10). Discard nut and lockwasher assemblies (9). 


3. Remove four locknuts (23), washers (20), capscrews (19), and washers (20) from rear bumper (10) 
and two braces (22). Discard locknuts (28). 


4. Remove two cotter pins (1), nuts (2), and tiedown rings (16) from rear bumper (10) and two 
mounting brackets (3). Discard cotter pins (1). 


NOTE 
Perform step 5 on M1113 vehicles only. 


5. Remove two cotter pins (28), nuts (27), spring washers (24), capscrews (26), and shackles (25) from 
rear bumper (10). Discard cotter pins (28) and spring washers (24). 


6. Remove eight locknuts (21), washers (18), capscrews (17), and washers (18) from rear bumper (10) 
and two mounting brackets (3). Discard locknuts (21). 


7. Remove four locknuts (4), washers (5), capscrews (15), washers (5), and rear bumper (10) from two 
inner mounting brackets (6). Discard locknuts (4). 


b. Installation 


1. Install rear bumper (10) on two inner mounting brackets (6) with four washers (5), capscrews (15), 
washers (5), and locknuts (4). Tighten locknuts (4) to 90 Ib-ft (122 N-m). 


2. Install rear bumper (10) on two mounting brackets (3) with eight washers (18), capscrews (17), 
washers (18), and locknuts (21). Tighten locknuts (21) to 90 lb-ft (122 N-m). 


NOTE 
Perform step 3 on M1113 vehicles only. 


3. Install two shackles (25) on rear bumper (10) with two capscrews (26), spring washers (24), and 
slotted nuts (27). Torque slotted nuts (27) to 15-20 lb-ft (20-27 N-m). 


4. Back off two slotted nuts (27) to align with hole in capscrews (26) and install two cotter pins (28) in 
slotted nuts (27). 
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9-7. REAR BUMPER REPLACEMENT (Cont'd) 


5. Install two tiedown rings (16) on rear bumper (10) and two mounting brackets (3) with nuts (2). 
Tighten nuts (2) to 16 lb-ft (22 N-m), back off to the nearest cotter pin (1) slot, and install two 
cotter pins (1). 


6. Install rear bumper (10) on two braces (22) with four washers (20), capscrews (19), washers (20), 
and locknuts (23). Tighten locknuts (23) to 90 lb-ft (122 N-m). 


7. Install plate (11) and trailer receptacle (8) on rear bumper (10) with two capscrews (12) and nut 
and lockwasher assemblies (9). Tighten nut and lockwasher assemblies (9) to 8 lb-ft (11 N.m). 


8. Install trailer receptacle cover (14) on trailer receptacle (8) and rear bumper (10) with four cap- 
screws (13) and nut and lockwasher assemblies (7). Tighten nut and lockwasher assemblies (7) to 
§ lb-ft (11 Nem). 


M1113 VEHICLES 


FOLLOW-ON TASK: Install towing pintlel(para_9-9). 
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9-8. REAR BUMPER INNER MOUNTING BRACKET REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: (TM 9-2320-387-24P 
automotive (Appendix B, Item 1) . 
Maintenance and repair shop equipment: Maintenance Level 
automotive (Appendix B, Item 2) Unit 
Materials/Parts 


Six locknuts (Appendix G, Item 121) 


a. Removal 


1. Remove two locknuts (3), washers (4), capscrews (9), and washers (4) from bracket (7) and 
rear bumper (1). Discard locknuts (3). 


NOTE 
Spacer is present on M1114 vehicle only. 


2. Remove four locknuts (10), washers (6), capscrews (5), washers (6), bracket (7), and spacer (8) 
from frame rail (2). Discard locknuts (10). 


| b. Installation | 


NOTE 
e Spacer is present on M1114 vehicle only. 
e Ensure spacer on outer side of frame rail is in position before 
installing spacer and bracket. 
1. Install spacer (8) and bracket (7) on frame rail (2) with four washers (6), capscrews (5), washers (6), 
and locknuts (10). Tighten capscrews (5) to 90 lb-ft (122 N-m). 


2. Install bracket (7) on rear bumper (1) with two washers (4), capscrews (9), washers (4), and 
locknuts (3). Tighten locknuts (3) to 90 lb-ft (122 N-m). 
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9-9. TOWING PINTLE MAINTENANCE 


This task covers: 


a. Removal d. Assembly 
b. Disassembly e. Installation 
c. Cleaning 
INITIAL SETUP: 
Tools Manual References 
General mechanic's tool kit: TM 9-2320-387-10 
automotive (Appendix B, Item 1) 9-2320-387-24F 
Maintenance and repair shop equipment: ; 
automotive (Appendix B, Item 2) General Safety Instructions 


Drycleaning solvent is-flammable and will not be 


Materials/Parts used near an open flame. 
Two cotter pins (Appendix G, Item 38) ; 
Drivescrew (Appendix G, Item 47) Maintenance Level 
Two locknuts (Appendix G, Item 122) Unit 


Four locknuts (Appendix G, Item 146) 
Drycleaning solvent (Appendix C, Item 26) 


NOTE 
Contact DS maintenance for fabrication instructions of optional towing pintle. 


NOTE 


¢ Perform steps 1 and 2 for rear-mounted towing pintle. 


¢ Perform steps 3 and 4 for optional towing pintle mounted to the front bumper. 
1. Remove cotter pin (3), slotted nut (2), washer (4), and towing pintle (9) from rear bumper (7). 
Discard cotter pin (3). 


2. Remove four nuts (1), washers (11), capscrews (10), washers (11), two support plates (6), backing 
plate (5), and safety chain plate (8) from rear bumper (7). 


TM 9-2320-387-24-1 


9-9, TOWING PINTLE MAINTENANCE (Cont'd) 


3. Remove cotter pin (4), slotted nut (6), washer (5), and towing pintle (3) from front bumper (1). 
Discard cotter pin (4). 


4. Remove four locknuts (9), washers (8), capscrews (10), washers (8), front plate (2), and 
back plate (7) from front bumper (1). Discard locknuts (9). 


OPTIONAL 


b. Disassembly 


NOTE 
Perform step 1 for rear-mounted towing pintle. 
1. Remove grease fitting (12) from backing plate (11). 
Remove cotter pin (15) from towing pintle latch (20). 


3. Remove locknut (21), capscrew (19), pintle latch lock (17), and spring (16) from towing pintle latch (20). 
Discard locknut (21). 


4. Remove locknut (24), capscrew (18), and towing pintle latch (20) from towing pintle hook (22). Discard 
locknut (24). 


5. Remove cotter pin (15) from pintle lock chain hook (14). Discard cotter pin (15). 
6. Remove drivescrew (23) and pintle lock chain (13) from towing pintle hook (22). Discard drivescrew (23). 


WARNING 


Drycleaning solvent is flammable and will not be used near an open 
flame. A fire extinguisher will be kept nearby when the solvent is 
used. Use only in well-ventilated places. Failure to do this may result 
in injury to personnel and/or damage to equipment. 


Clean all metallic parts with drycleaning solvent. 
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9-9. TOWING PINTLE MAINTENANCE (Cont’d) 


1. Install pintle lock chain (13) on towing pintle hook (22) with drivescrew (23). 
Install cotter pin (15) on pintle lock chain (13) with pintle lock chain hook (14). 


3. Install towing pintle latch (20) on towing pintle hook (22) with capscrew (18) and locknut (24). 
Tighten locknut (24) to 15 lb-ft (20 Nem). 


4. Install spring (16) and pintle latch lock (17) on towing pintle latch (20) with capscrew (19) and 
locknut (21). Tighten locknut (21) to 15 lb-ft (20 Nem). 


5. Install cotter pin (15) in pintle latch (20). 
NOTE 
Perform step 6 for rear-mounted towing pintle. 
6. Install grease fitting (12) in backing plate (11). 
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9-9. TOWING PINTLE MAINTENANCE (Cont'd) 
NOTE 


e Perform steps 1 through 3 for rear-mounted towing pintle. 


¢ Perform steps 4 through 6 for optional towing pintle mounted to 
the front bumper. 


e Grease fitting on backing plate must face downward. 


1. Install safety chain plate (8), two support plates (6), and backing plate (11) on rear bumper (7) with 
four washers (2), capscrews (10), washers (2), and nuts (1). 


2. Install towing pintle (9) on rear bumper (7) and tighten nuts (1) to 90 lb-ft (122 N-m). 


3. Secure towing pintle (9) to backing plate (11) with washer (5) and slotted nut (3). Loosen slotted 
nut (3) slightly if towing pintle (9) will not rotate easily. Install cotter pin (4) in slotted nut (3). 


4. Install front plate (13) and back plate (18) on front bumper (12) with four washers (19), capscrews (21), 
washers (19), and locknuts (20). Tighten locknuts (20) to 90 lb-ft (122 Nem). 


5. Install towing pintle (14) on front plate (13) and back plate (18) with washer (16) and slotted 
nut (17). 


6. Tighten slotted nut (17) until towing pintle (14) is tight. Back off nut (17) until towing pintle (14) 
rotates freely and hole in towing pintle (14) shaft aligns with slot in nut (17). Install cotter pin (15). 


9-14 


FOLLOW-ON TASK: Lubricate rear-mounted towing pintle (TM $-2320-387-10). 


TM 9-2320-387-24-1 
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9-10. TRANSMISSION MOUNT CROSSMEMBER REPLACEMENT 


This task covers: 
a. Removal b. Installation 
INITIAL SETUP: 
Tools Manual References 
General mechanic’s tool kit: 'TM 9-2320-387-24P 
automotive (Appendix B, Item 1) . 
Maintenance and repair shop equipment: Maintenance Level 
automotive (Appendix B, Item 2) Unit 
Materials/Parts 


Four locknuts (Appendix G, Item 157) 


CAUTION 


Transmission must be supported during removal and installation of 
transmission mount crossmember to prevent damage to equipment. 


a. Removal 


1. Place support under transmission (2) and remove two locknuts (6), washers (5), capscrew (4), and 
washer (5) from crossmember (7) and two support brackets (1). Discard locknuts (6). 


2. Remove two locknuts (9), washers (8), and crossmember (7) from transmission mount (3). Discard 
locknuts (9). 


b. Installation 


1. Install crossmember (7) on transmission mount (3) with two washers (8) and locknuts (9). Tighten 
locknuts (9) to 28 lb-ft (88 N-m). 


2. Install crossmember (7) on two support brackets (1) with washer (5), capscrew (4), two washers (5), 
and locknuts (6). Tighten locknuts (6) to 90 lb-ft (122 N-m). 


3. Remove support from under transmission (2). 
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9-10. TRANSMISSION MOUNT CROSSMEMBER REPLACEMENT (Cont'd) 


9-17/(9-18 blank) 


Para 
A 

AB-652/GR antenna: 

[NStallatiOhl 4+ aida ee 24 3Gaee 12-23b 

Removal... ... 0.0. c eee eee 12-23a 
A-beam left side armor: 

Installation... .........0008 11-42b 

R@M0Val...c ccc eeiaeeeeaaan 11-42a 
A-beam right side armor: 

[NStallatiOn «44 i4saee ee aaa 11-43b 

REMOVAl:. «cua aadkae ve eteta cds 11-43a 
A/C and de ice relays: 

[NnStallatiOn 240204 oeenece cas 25-34b 

REMOVal.4 se so<¢e1~e sd bee ds 25-34a 
A/C blower motor: 

lnStallatiOn 2444 as«e dae eas 25-25b 

REMOVal ice ae a ew wens 25-25a 
A/C compressor: 

Installation... .........0008 25-20b 

Removal... ... 0.0. c eee eee 25-20a 
A/C compressor hose: 

IMNSPECKION .. eee 25-30a.1 

InStallatiOnc cicawvacae ceva 25-30b 

RENOVal 2443 606454806 odd en 25-30a 
A/C compressor manifold: 

[NnstallatiOWi 2<4234e40 042 e005 25-20.1b 

Removal... ... 0... eee eee 25-20.1la 
A/C condenser: 

IFSDEKION ¢2<'2 ee aga dew aed’s 25-18a.1 

[MStall QUiOW asacek wow bare Rea 25-18b 

Removal... ... 0.0. c eee eee 25-18a 
A/C condenser assembly: 

ASSEMDIV ce ca keen deudee inn 25-28b 

DISASSEMBIY sss ea4e508 Sauce 25-28a 
A/C condenser fan and shroud: 

INStallatiONn i «vedere teee tu das 25-19b 

Removal. ..... 0.00 cee eee eee 25-19a 
A/C condenser hose assemblies: 

Installation <s42 42404422436 25-33b 

Removal....... 0. cece ee eee 25-33a 
A/C coolant line covers: 

IMNSPECKION 2. eee 25-32b 

[Stall QtiOW x cias ays eee nea ae 25-32C 

REMOVdl a s<s0 esas oc bean 25-32a 
A/C evaporator assembly (rear): 

ASSEMDIV sage eae Re Hewar 25-27b 

DiSASSEMBIW s s0 4 ee eese adeus 25-27a 

INSDECUOM ¢kswe ees ee ee Rey 25-22a.1 

[NStallatiOW i44204004 040008 « 25-22b 

REMOValy «95345 Ga reed eb exas 25-22a 
A/C evaporator (rear) supply and 

return line: 
Installation... .........0008 25-29b 
Removal... . 2.0... cee eee 25-29a 


TM 9-2320-387-24-1 


INDEX (Cont'd) 


Page 


12-39 
12-39 


11-86 
11-86 


11-88 
11-88 


25-92 
25-90 


25-67 
25-67 


25-56 
25-56 


25-78 
25-78.2 
25-78 


25-56.2 
25-56.2 


Para. 
A (Cont'd) 
A/C front air distribution duct: 
[NStalAHiION %5 22 S852 adsa% sa 11-81b 
Removal. ........000 cece eee 11-81la 
A/C front air distribution duct 
registers: 
LMStal ARO ns acs bei eae eee 11-82b 
ReEMNOVali cc ei acted cde che eed 11-82a 
A/C front evaporator drain hose: 
[StANAUION 056d agcckena he 11-83b 
ROMO sers.e a eeu see as 11-83a 
A/C heater/evaporator assembly 
(front): 
Assembly... . 0.0.0.0 e eee aee 25-26b 
Disassembly ..........00055 25-26a 
INStallatiOn «<< sa-tacu ee mb eee 25-21b 
RENOVal: 220% 8 a sy eee see ss 25-21la 
A/C pressure hoses: 
INSDSCHION +0 tine eo eaa sees 54 25-31a.1 
Installation.............05. 25-31b 
ReENIOValy 6s iain 97e bb adware hae ee 25-31a 
A/C rear air distribution duct and 
register: 
INSDSCHON 225 ccantdancanedt 11-87b 
LNStallAHION 225254 suis d552 os 11-87c 
Removal. ........000e eee 11-87a 
A/C rear evaporator drain hose: 
Installation... ... 0. ccc eee 11-88b 
Removal. .......200c cece eee 11-88a 
A/C receiver/dryer (front): 
INSPECKION .. ee eee 25-16b 
INStaNatiON s «se ceweew ke ehe 25-16c 
REMNOVdleastie06so tear esse 25-16a 
A/C receiver/dryer (rear): 
ListallatiWid«n+42oee428 seca 25-17b 
Removal. ........000e eee eee 25-17a 
A/C receiver/dryer (rear) lines: 
Installation... ....... cece 25-17.1b 
ReEMOVal is sa earteas-ce Cet 28 25-17.1la 
A/C system servicing: 
Adding refrigerant oil........ 25-15g 
Charging system..........6. 25-15f 
Discharging system.......... 25-15c 
Evacuating system.......... 25-15e 
Flushing system............ 25-15d 


Manifold gauge set installation 25-15a 


Manifold gauge set removal... 25-15b 
A/C thermostat: 

INStAl ATION case ee ee as 25-24b 

Removal... .. 0.0. c eee eee eee 25-24a 
A/C toggle switch and harness: 

Installation. ..........00008 11-84b 

REMNWdlccs eg ce bidview awed 11-84a 


Change 1 


Page 


11-146 
11-146 


11-148 
11-148 


11-149 
11-149 


25-70 
25-68 
25-60 
25-58 


25-80 
25-82 
25-80 


11-156 
11-156 
11-156 


11-158 
11-158 


25-48 
25-48 
25-48 


25-50 
25-50 


29-50,2 
25-50.2 


25-47 
25-46 
25-40 
25-44 
25-42 
25-39 
25-40 


25-66 
25-66 


11-150 
11-150 


INDEX 1 
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A (Cont'd) 
A/C trinary switch: 


Installation..............05. 
Removal...........000 sees 


A/C wiring harness and cable: 


INSPECUON! .3.44664.040'de-ad524 
Installation..............5. 
Removal...........000 eee 


Accelerator cable mounting 
bracket: 


INSPECION £25 oe eneedae eee 
Installation . 2... .a ceca a eas 
Removal..........000e eeu 


Accelerator linkage: 


Adjustment.............05. 
INSDECION <¢20<24¥eeenoee xs 
INStallatiON <<a: 6aeea eee scan 
Removal... . 2... cece eee eee 


Accelerator pedal: 


Installation..............0. 
Removal.........0000e eeu 


Accelerator system maintenance 


task SUMMA vec v edie a ene es x 


Access hole cover plate: 


INSDECUON «sleeker cd ee eee 
Installation..............00. 
Removal..........00ee eeu 


Actuator assembly, parking lock 
pawl and: 


InspectiOn ....... 0.0 c eee ees 


Actuator, wastegate: 


Installation..............0. 
Removal..........000e eee 


Adapter plate, water pump and: 


INSpectiON ..... 0... eee eee 
Installation .....0.6e0ccee es 
Removal........0000ee eeu 


Air deaner assembly and dust 
unloader: 


INSpectiON ..... 0... eee eee 
Installation..............5. 
Removal..........0000 eeu 


Air deaner dust cap: 


Installation................ 
Removal. ........000ee eeu 


Air Cdeaner extension elbow: 


INSDECION «ss02¢e.¢444ee%%% 
Installation..............0. 
Removal..........000e cues 


INDEX 2 Change 1 


INDEX (Cont'd) 


Page 


Para. 
A (Cont'd) 
Air cleaner filter element: 
CIGANINIG «3 2e%84e5oreceu en 3-13d 
Emergency cleaning......... 3-13c 
INSPSCUON ¢ ica eiaeva tae an 3-13b 
InstallatiOn «cs <cauddeeens es 3-13e 
RoOValeo.ens 6s sedans eaeas 3-13a 
Air cleaner-to-selector valve vent line: 
INStallatiONv<3scaevardaaees 12-41b 
Removal... ... 0. cc eee eee eee 12-41a 
Air conditioning maintenance task 
SUIMMIOE Ys. s:a-drache awe aes ana ad 11-80 
Air conditioning maintenance task 
SUIMMOVY v2 c0d05 2 aca aya eee ws 25-14 
Air conditioning system operation, 
DT aoe aekcratG andes ete eal Se 1-29 
Air conditioning troubleshooting 
instructions (DS/GS).......... 14-4 
Air distribution duct, A/C front: 
Installation ¢.aiaaceawewae es 11-81b 
Removal... ... cc cc eee eee 11-81la 
Air distribution duct registers, 
A/C front: 
[NStallatiOW «ccc ceca wa Rae ws 11-82b 
REMOVE 4120 445 he aaa Peanes 11-82a 
Air duct assembly: 
Installation... ........ 0. ee 10-74b 
REMNOV dle.) oa an5 seuewe eases 10-74a 
Air horn: 
INnstallatiOh xs¢s28ksaeaeaees 3-14b 
REM i oti ea eae ee es 3-14a 
Air horn support bracket (M1113): 
[nmStallation «can 6 i kaa ewan es 3-16b 
Removal... .. 0.0 cece eee 3-16a 
Air horn support bracket (M1114): 
Installation... .... cc... eee 25-13.1b 
REMOVl: 0% ob vie cde nc Pe ncows 25-13.1la 
Air horn-to-air cleaner elbow: 
Installation... ....... 0. cae 3-15b 
ROMOVal: 2220 o00SeoRe weet ss 3-15a 
Air intake and fuel pump vent lines: 
INStallatiOW ax os béca aw deals ve 3-21b 
Removal... ... 00 cc eee eee 3-21la 
Air intake assembly and bracket: 
Installation... .... 0... cee 3-19b 
ROMNOVGl( osc. ou A eeee we Peres 3-19a 
Air intake/exhaust tests ........ 2-29 
Airlift bracket-to-hood seal: 
Installation... ....... 0. ee 10-55b 
ReMOValii osc nex dvevewn teens 10-55a 
Airlift-to-shroud shield assembly: 
PStallAllOh: «6 on tees wee hae ck 3-63b 
RENVdl. oc¢ecccrcedenen dus 3-63a 


Page 


3-26 
3-24 
3-24 
3-26 
3-24 


12-75 
12-75 


11-145 
25-37 
1-39 
14-17 
11-146 
11-146 
11-148 
11-148 


10-126 
10-126 


3-28 
3-28 


331 
331 


25-36.1 
25-30.1 


3-30 
3-30 


a3! 
337 


3-34 
3-34 
2-141 


10-90 
10-90 


3-118 
3-118 


Para. 
A (Cont'd) 
Air restriction gauge: 
InStallation 2<a<e«<se6ees 4% 25 3-17b 
Removal.........000e eevee 3-17a 
Air restriction gauge hose: 
Installation.............005 3-20b 
ReMOV lit a5 232% SiG ene eens 3-20a 


Alignment instructions, suspension: 
Caster and camber adjustment 34-3b 


Caster and camber check ..... 34-3a 
Toe check and adjustment .... 34-3c 
Alternator, 200-ampere dual 
voltage: 
Assembly... .. 0c. cece eee 18-3e 
Cleaning ......... cece eee 18-3d 
Disassembly ........... eee 18-3b 
[StI 2 wae hae Gee'e'Sie a8 4-5b 
Output testing.............. 18-3a 
ROMA nc eton eee awake he 4-5a 
SlLAUCTESUNG: +: s42e2 see a0 18-3c 
Alternator, 400-ampere dual 
voltage: 
Assembly... .. 0. cc cece eee 18-3.le 
CISAnINnG «2s ce8senne ca een ae 18-3.1d 
Disassembly ..........0 00 18-3.1b 
INStallation 2< 24 22 iease sae a 4-8.3b 
Output testing............0. 18-3.la 
Removal.........0000eeaeas 4-8.3a 
SlOUiC TESUMNOL wae eds e he haw ek 18-3.1c 
Alternator cable, 200-ampere 
dual voltage: 
INStANAtION 2.54%. 802% vewece as 4-6b 
Removal..........0000eaaes 4-6a 
Alternator cable, 400-ampere 
dual voltage: 
[Stall Quit x kc-< wer ee dd ace eS Ye 4-8.2b 
REMNOVGl 02 a6 so2 eeeesde weed 4-8.2a 
Alternator/power steering 
mounting bracket: 
IFStANBUION 25 ose kee ceeee es 4-3b 
Removal..........000e eee 4-3a 
Alternator pulley: 
Installation.............0.. 4-2b 
Removal.........0000 ee aeae 4-2a 
Alternator testS............... 2-33 
Ammo box tray (40 mm), triple: 
Installation. ............0.. 11-69b 
Removal.........000ee eee 11-69a 
Ammo box tray (caliber .50), double: 
IMNSPECKION .. ee ee 11-68a.1 
Installation «3s a2 eewense bees 11-68b 
ReGMOVEl <2es e026 ee e600 0% 11-68a 


INDEX (Cont'd) 


Page 


11-130 
11-130 


11-129 
11-129 
11-129 
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Para. Page 
A (Cont'd) 

Antenna, AB-652/GR: 

INStANAHON ces cdaca ae eeaew 12-23b 12-39 

Removal... ... 0. ccc eee eee 12-23a 12-39 
Antenna, AS 1729/VRC: 

Installation... .........0 ae 12-216 12-37 

RENOVGl. o Ansa Shes e wa Rae us 12-21a 12-37 
Antenna cables, rear: 

[NStallQtiOWl wicca cve aaa a Kae vs 12-245 12-43 

RENO. 2 cot cecduddriane<s 12-24a 12-40 
Antenna ground strap: 

Installation «iéecaedicteeacds 12-206 12-36 

PeENOV le itx en 5 add erated 2 ees 12-20a = 12-35 
Antenna mounting bracket, rear: 

INnStallatiON 064 ssaeeassaaes s 12-22b 12-38 

REMIOY Ol dc ice vase a ele eae es 12-22a 12-38 
A-pillar armor, left side: 

INSPECtION .. eee eee 11-32b =. 111-58 

Installation... ....... 0. cae 11-32c =611-58 

REMOVdli oct ccecwes cen dees 11-32a 11-58 
A-pillar armor, right side: 

INSPSCHON = 22 set awe ch ee tes 11-33b =: 11-60 

INStallatiOW ac ace ee baw evan xs 11-33c 11-60 

Removal... ... 0.0. e eee eens 11-33a 11-60 
A-pillar former assembly: 

INSPECKION .. eee eee 10-90b 10-152 

INStallatiOW is Facade eases 10-90c  =10-152 

REOV Glos. ea boy ae wala eae es 10-90a = 10-152 
Armament carrier maintenance 

task SUIMMOANY ¢ 325 soe2d4e0o6% 25-2 25-1 

Armor, B-pillar: 

INStAN ANON vcs 8 eree a eaee a 11-445 11-90 

RENO lacie eae Sa wae ae es 11-44a 11-90 
Armor brush seal, turret: 

[nStallation a....40.00 ew sees 11-51b 11-102 

Removal... .. 0.0 c eee eee eee 11-5la 11-102 
Armor, cowl: 

INSPECKION .. eee eee 11-49b 11-98 

LSC ATION i eae ei aie a eee we es 11-49c 11-98 

Removal... ... cc cece eee eee 11-49a 11-98 
Armor, firewall: 

Inspection... .... ee eee eee 11-48b 11-96 

INStallatiOn oc iceweded eh awes 11-48c 11-96 

RENOV Gl: 622% va sca ae eae es 11-48a 11-96 
Armor, left front underbody: 

INSPSCHION +26 5.40¢05%8 22asx4 11-366 =.11-67 

Installation... .......0.0 ae 11-36c 11-68 

REMOV Gli o sinx ae See we wwdaren 11-36a 11-66 

Change 1 INDEX 3 
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A (Cont'd) 


Armor, left front underbody: 
New driver’s side footwell 
inner armor installation .... 
N ew driver’s side footwell 
outer armor installation .... 
N ew front underbody armor 
[SEAN ATION a oad va ee ew ace as 
Armor, left rear underbody: 
InspectiOn .........0 0c eee 
Installation... .........0008 
REM0Vali. «de din wee ctw bees « 
Armor plate, tailgate: 
Installation... ..........008 
REMOVE 204-0054 24% ve veer 
Armor, right front underbody: 
INSDACION 22 3c e2c2ecteecead 
Installation... .........0008 
REMOVAl 0c ea v4 eed see hee 
Armor, right front underbody: 
N ew passenger side footwell 
inner armor and inner/ 
outer cowl reinforcement 
installation... .........00. 
N ew passenger side footwell 
outer armor installation .... 
N ew passenger side footwell 
upper armor installation... . 
New right front underbody 
armor installation ......... 
Armor, right rear underbody: 
INSDEION «2544 tev eu weheead 
Installation... ..........0008 
REMOVl: ccc eae s ab we eecnveds 
Armor and seal, turret: 
[NStallatiOh «sau tas cdcene dys 
Removal... ... 0.00 eee eee 
Army equipment, destruction of, 
to prevent enemy use......... 
AS 1729/VRC antenna: 
INStallAtiON «ci a44< Gera eer 
REMOVGli:a $400 8 eee SK ws 
Assembly: 
General maintenance........ 
Auxiliary fuel pickup and return 
lines: 
INStAlAUION iad eee caw ae as 
Removal... ... 00. c eee eee 
Axle free play tolerance, 
differential and: 
INSDCCUON J420e4dveees tees 


INDEX 4 Change 1 


Para. 


11-36.1b 


INDEX (Cont'd) 


Page 


11-68.4 
11-68.2 
11-68.5 
11-70 
11-72 
11-70 


11-95 
11-95 


11-75 


11-76 
11-74 


25-36.24 
25-36.22 
25-36.21 
25-36.26 
11-78 
11-80 
11-78 


11-103 
11-103 


1-1 


12-37 
12-37 


2-33 


3-54 
3-54 


21-20 


Para. 
A (Cont'd) 
Axles, and suspension, propeller 
shafts, maintenance task 
SUMMALY 2... es 21-2 
Axles, front and rear, 
maintenance task summary... 6-6 
B 
Backrest, turret: 
[nStallatiOnl «cave vwe ved wae ke 11-54b 
REMOVE). ceed dewordcudaeds 11-54a 
Backup light switch: 
INStallatiON «oi 6c diane waned 4-36b 
RONOVale oiens cade Meccan ced 4-36a 
Balanong, tire... ceca ceeeed< 8-8 
Ball joint, lower: 
INSPECtION . 6. eee eee 6-24a 
Installation... ........ cee 6-24c 
REMOVAL icici care ba eee ee eae es 6-24b 
Ball joint, upper: 
IASPOCION ocak ea eee eee ee 6-23a 
Installation... ....... 0.0 ee 6-23c 
REMOVal.c< 2 cebidedew eave ad 6-23b 
Battery: 
INStallatiON ¢0s2idevaweaae vs 4-74c 
REHOVEl: a1 .2 083-40 8b aeee vc 4-74a 
SGVICINGQ 4 223 ceed ee hoes 4-74b 
Battery box cover catch: 
Installation... ....... 2. ee 10-42b 
REVIOVGl. 4a eag bur ane a RK OR: 10-42a 
Battery box cover, companion seat 
assembly and: 
Installation... ....... 0.00 10-43b 
MEOVGl: oaen aos euler eas 10-43a 
Battery cable: 
Cleaning and inspection...... 4-68a 
Ground cable installation..... 4-68e 
Ground cable removal........ 4-68d 
Ground cables disconnection .. 4-68b 
Ground cables reconnection... 468c 
| nterconnecting cable 
INSLAlBELON ¢ a2 see wea eka x 4-68g 
Interconnecting cable removal . 4-68f 
Positive cable installation..... 4-68i 
Positive cable removal ....... 4-68h 
Battery cable terminal clamp: 
INS ALON ic aniac ad ee eae es 4-67b 
REMNOVdli cic eds adda daceaane<cd 4-67a 
Battery circuit tests............ 2-35 


Page 


21-1 


6-12 


11-106 
11-106 


Para. 
B (Cont'd) 
Battery holddown: 
INStaAlAtiON o3os eed eie ae betas 4-73b 
Removal. .......000c cee eee 4-73a 
Battery system maintenance 
task Summary...........000. 4-66 
Battery system operation ....... 1-23 
Battery tray: 
Cleaning and inspection...... 4-75b 
INStANBUION: s344456824-ae%e 4-75d 
Preventive modification ...... 4-75c 
REMOVE. 2.00 osece cee re caess 4-75a 
Bearing adjustment, geared hub 
SOIMOIGS c2.058otecgaade shee one 6-12 
Belt, runflat compressor 
(P/N 528236): 
InstallauOh +326 ¢evecas taxes 8-6b 
Removal... ... cece ees 8-6a 
Belt, runflat compressor 
(P/N J 39250): 
Installation................ 8-5b 
ReEMNWValsccekatscsteneseees 8-5a 
Blackout drive light assembly: 
[niStallaviOn «3 d-< 5 ee0e 22s eee 4-51b 
ROMOVEl: ¢4¢s+e2cgdbtes'ca sa 4-5la 
Blackout drive light lamp: 
INnStallaviOn 24ccascveveca sd 4-52b 
REMOVE. ssache es ee desea 4-52a 
Blade and arm, windshield wiper: 
INnStallauiOn..s¢«2ese2seneeex 10-62c 
Removal.........00 cece eae 10-62a 
Repair (optional)............ 10-62b 


Bleeding, power steering system. . 8-27 
Body accessories maintenance 


task Summary...........005. 10-59 
Body hinge mount: 
Installation. ............00. 10-54b 
Removal. ..... 0... cece ees 10-54a 
Body maintenance task summary. 10-1 
Body mount: 
Installation. ............00. 33-3b 
Removal. ...... 000 cece eee 33-3a 
Body repair (GS): 
Aluminum repair ........... 33-8 
Fiberglass repair..........6. 33-9 
Geil + 2424554008 94ses24 33-5 
INSPECHION «2 icc dees eee dee 33-6 
Maintenance task summary... 33-2 
Repair task Summary........ 33-4 
Rivet replacement........... 33-7 
Body repair materials: 
BDOGNGIX. Fs sa.se022463 026 ea 
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INDEX (Cont'd) 


Page 


Para 
B (Cont'd) 
Body repair (unit): 
GONG al ac 228 ahs deen vee Seo 10-56a 
INSPECtION .. eee ee 10-56b 
Rivet replacement........... 10-56c 
Body wiring harness: 
[MStallablOW as oi ees aeax ewes’ 27-3b 
REMC). exons ceehexehasdi 2/7-3a 
Body wiring maintenance task 
SUIMMANY :2ceenS eee ened oe he 27-2 
Boot, fuel injection pump: 
INnStallatiOW ice <a vicaeeaedi 3-23b 
POMOVdls eves ete rtess 354 es 3-23a 
Boot, heater: 
[Stal lGUION ve des a ecess eae 23 10-85b 
Removal.........00c eens 10-85a 
Bottom left side armor, C-pillar: 
INSPECtION .. eee eee 11-46a.1 
Installation. ..........00008 11-46b 
REMNOVdl. ose ceebadnk eek weds 11-46a 
B-pillar: 
INnstallatiOns«s<vdvs wes cond 10-57b 
RONOVGl: <2 sk os eer saeeeek ac 10-57a 
B-pillar armor: 
INStallAHiON 2% sewed sad eae se 11-44b 
Removal.........00 ccc eens 11-44a 
Brace, rear bumper: 
IAStallatiON 34-04 +422 43s ee 9-6b 
RONOVali. sxe hare eee to eee 9-6a 
Bracket, airlift,-to-hood seal: 
Installation. ............00. 10-55b 
Removal. ........000c eevee 10-55a 
Bracket, alternator/power steering 
mounting: 
MASLSIIARION 22 26 dale Smee re wee 4-3b 
Removal..... 2.0.00 cee eee 4-3a 
Bracket, field glasses: 
InstallauiOWic« ++e425ae<ee8 11-65b 
Removal. ....... 000 cee e eee 11-65a 
Bracket, fire extinguisher: 
I SSCHION: bso ate sie aoe deter 10-53b 
INStal ALON « «44a e ee keene 10-53c 
ROMNWal. 2+282404208 7649006 10-53a 
Bracket, fuel injection lines, left: 
Installation... ....... 0. 3-41b 
REMOVE 2.44.4 oe eee os oe 3-41la 
Bracket, fuel injection lines, right: 
INStANAHION wis <a een de eae ss 3-40b 
Removal.........00 cece eee 3-40a 
Bracket, headphone mounting: 
Installation... ....... 2 eee 12-19b 
Removal... ... cc cece eee eee 12-19a 


Change 1 


3-39 
3-39 


10-147 
10-147 


11-94 
11-94 
11-94 


10-97 
10-97 


11-90 
11-90 


9-6 
9-6 


10-90 
10-90 
4-4 
4-4 


11-125 
11-125 


10-88 
10-88 
10-88 


3-80 
3-80 


3-79 
3-79 


12-34 
12-34 


INDEX 5 
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Para 
B (Cont'd) 

Bracket, hood latch: 

[NStallatiGh s+ as0's.a2 oe vee Oe d0 10-6b 

Removal... ... 2... cee eee eee 10-6a 
Bracket, hood prop rod and: 

Assembly... .. 0... cece eee 10-8d 

Disassembly ..........00005 10-8b 

ISPSCHON « 24.0ed6cecde dada pe 10-8c 

[nstallatiQh:.daveived2 secu 10-8e 

Removal... ..... 0.00 eee eee 10-8a 
Bracket, horn mounting: 

Installation. ............005 4-27b 

Removal... . 2... cece eee 4-27a 
Bracket, muffler support: 

ASSEMDIY. .. cee 3-55c 

Disassembly ........0.0 cee 3-55b 

INStallAliOW asa ic 8d e844 He ae 3-55d 

Removal... .... 00. c eee eee 3-55a 
Bracket, radiator front mount: 

Installation... ..........0008 9-5b 

RONOVdli xd wae eriek sae eee 9-5a 
Bracket, rear antenna mounting: 

[NStallatiON «sack aennceneeas 12-22b 

R@MO0Val. 0625644 ce waa wens 12-22a 
Bracket, rear bumper inner 

mounting: 

INStallatiGhx.446«%4e820e04s 9-8b 

REMNOVEl: occ eee eae ee ees 9-8a 
Bracket, shelter mounting: 

Installation... ..........0005 11-73b 

Removal... ... 0c c eee ee eee 11-73a 
Brackets, cargo bulkhead mounting: 

Installation. ...........0008 10-51b 

REMOVE sd adaied dude chet e und 10-5la 
Brackets, intercom and: 

Installation... .........0008 11-63b 

ReMOVGl: «4% = a4 ou 245 092 eee 11-63a 
Brackets, M13 decontamination: 

INStallatiOn «+s saiseeeseexa 10-58 
Brackets, radio rack and mounting: 

INStallAtiOWl «-<ui03 asa oa Cas 12-17b 

Removal... . 2... ccc eee ee eee 12-17a 
Brackets, tailgate chain and: 

Installation... ..........005 10-35b 

Removal....... 00000 e eee ee 10-35a 
Brackets, 10,500 Ib hydraulic 

winch and (M1113): 

Brackets installation......... 12-27.1¢ 

Brackets removal ........... 12-27.1b 

Winch installation........... 12-27.1d 

Winch removal ............. 12-27.1a 
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INDEX (Cont'd) 
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9-10 
9-10 


11-134 
11-134 


10-86 
10-86 


11-122 
11-122 


10-98 


12-30 
12-28 


10-62 
10-61 
12-54.4 


12-54.4 
12-54.2 


Para. 
B (Cont'd) 
Brackets, 10,500 Ib rear hydraulic 
winch and (M1114): 
Brackets installation......... 12-36.1c 
Brackets removal ........... 12-36.1b 
Winch installation........... 12-36.1d 
Winch removal ............. 12-36.1la 
Brake adjustment, rear dual 
servicefparking .............. 7-19 
Brake and base, turret: 
AGUSUMENE 23 oss ease Zeca e 11-55c 
Installation................ 11-55b 
Removal... ......0c cece aes 11-55a 
Brake cable/mounting bracket, 
parking, left: 
InstallaviOn.<s6d w<< ee eases 7-176 
ReMiWal. 622% a0 e640 Ras'tee sd 7-17a 
Brake cable, parking, right: 
IMStallaviOn aux os Re eae ees 7-16b 
Removal... ......00 cece aes 7-16a 
Brake caliper, disc: 
Assembly... . 0... cece eae 22-4d 
CIGANIGIO! $a:0 0 ate bx eee bis Bare 22-4b 
DISASSEMDIY s 2icteretawnaad 22-4a 
INSPECEION < 344 e<e die 5G eens 22-4c 
Brake caliper, rear parking: 
ASSOEMDIY. 22222 bees eeadees 22-5d 
Cleaning ....... ccc eee eee 22-5b 
Disassembly ...........005. 22-5a 
INSOSCHON nzacekdeeane deegs 22-5c 
Brake caliper, service: 
Cleaning and inspection...... 7-4b 
IMStANlAViON chee sade eed ees 7-4c 
Removal... ......0 cece eee 7-4a 
Brake lever, parking: 
Installation................ 7-20b 
ROWWAl: 6.0224 ees desae es 7-20a 
Brake lines: 


Caliper-to-intermediate 
support bracket installation... 7-7f 
Caliper-to-intermediate 


support bracket removal..... 7-7e 
Front caliper-to-intermediate 

brake line installation....... 7-76 
Front caliper-to-intermediate 

brake line removal ......... 7-Ta 
Intermediate brake line 

IISCAIALION, «x a.e% 2%? 25 4%e'as 7-7) 
Intermediate brake line 

removal ....... cc eee eee 7-7i 


Pressure limiter valve-to- 
differential valve installation. 7-7n 
Pressure limiter valve-to- 


differential valve removal.... 7-7m 


Page 


12-68.2 
12-68.2 
12-68.2 
12-68.1 
7-54 

11-108 


11-108 
11-108 


7-50 
7-48 


7-46 
7-46 


22-6 
22-4 
22-4 
22-5 
22-10 
22-9 
22-8 
22-9 
7-12 
7-12 
7-10 
7-56 
7-56 
7-22 
7-22 
7-18 
7-18 
7-25 
7-24 
7-26 


7-26 


Para. 
B (Cont'd) 
Proportioning valve-to-union 
brake line installation....... 7-7\ 
Proportioning valve-to-union 
brake lineremoval ......... 7-7k 
Rear brake line installation... 7-7h 
Rear brake line removal...... 7-79 
Rear caliper-to-intermediate 
brake lineinstallation....... 7-7d 
Rear caliper-to-intermediate 
brake lineremoval ......... 7-7C 
Brake pad, rear dual service/parking: 
Cleaning and inspection...... 7-14b 
INnStallation «us .ckaseese asda 7-14¢c 
ReEMOVGl.«/c22ee4vecaxd odes 7-14a 
Brake pad, service: 
Cleaning and inspection...... 7-3b 
[Stellan o5a2 wa. bie o8 See 2c 7-3c 
Removal.........00 cee eae 7-3a 
Brake pedal, service: 
Installation.............0.. 7-9b 
RENIOVEl:222s0c7eteuaenkens 7-9a 
Brake pressure limiter valve: 
INStallauiOns i024 osae abcess 7-8b 
REMOVE. ..465-d¢ce8nheaeds 7-8a 
Brake protection guards: 
[AStAllaviCn 4234 ceexecasds 7-11b 
ReEMOVdlid ccadkee aoe de cere ets 7-1la 
Brake rod, rear dual service/ 
parking: 
Installation.............0.. 7-18b 
Removal. .......00 cece eee 7-18a 
Brake rotor: 
Checking lateral runout...... 22-3b 
Checking thickness variation. . 22-3c 
INSDEION «23 @2 ee 22k ie Shee 22-3a 
Refinishing .............05. 22-3d 
Brake rotor, service: 
Installation.............0.. 7-12b 
ReEMIOVEl: <4 kxanveken ee heeds 7-12a 
Brake, service/parking, 
system operation. ..........4. 1-25 


Brake, service, system operation . 1-26 
Brake switch, parking 


INStANAUON 2 s2k¢5 eee sea S%<'s 4-23b 

Removal........0.00c eee 4-23a 
Brake system bleeding, service: 

Manual bleeding............ 7-2b 

Master cylinder bleeding ..... 7-2C 

Pressure bleeding........... 7-2a 


Brake system, rear dual service/ 
parking maintenance task 
SUMIMAN Yee ess teed oes awse es 7-13 
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INDEX (Cont'd) 


Page 


7-37 


Para 
B (Cont'd) 
Brake system, service 
maintenance task Ssummary.... 7-1 
Brake system tests ............ 2-41 
Brake warning lamp: 
INStAlAtiON «caves eda es een es 4-21b 
RENOVEl: 44.25 £4.360e05.0420% 3s 4-2la 
Break-in procedure............ 1-9 
Brush, horn control: 
[NStallatiOnl acces eae eae cae es 4-25b 
REMOVal.c ccc cease neanens 4-25a 
Bulkhead, cargo: 
INStAllAtION v0 dea cae eww dd 10-49b 
REOVGl: 2405 0e ewes es 8 a ws 10-49a 
Bulkhead extension, cargo: 
ASSOMDIY. «423 eeee5¢edu see 10-50c 
Disassembly ...........0055 10-50b 
Installation... ....... cee 10-50d 
REMOVali cs cece cece ec ebee ed 10-50a 
Bumper and bracket, night vision 
lid: 
Installation ac chsdiwaw eee eas 11-58b 
Removal... ... 00 cece eee eee 11-58a 
Bumper and towing brackets, 
front: 
[MStall QUIN ace aa sev ace we Rae ee 9-2b 
RENGVGl: cicewiceKaadaveenedi 9-2a 
Bumper brace, rear: 
INStallatiOW wi nécavdcce eae di 9-6b 
ROMO saves ear ewesdsss ea 9-6a 
Bumper inner mounting bracket, 
rear: 
LVS AN AUION ici ia ei eee we 9-8b 
Removal. ........000e ee eee 9-8a 
Bumper, rear: 
Installation... ....... 0c eae 9-7b 
REMNOVOl: ob coe be Se cab cend 9-7a 
Bushing, control arm: 
INStallatiON: «ic eww ne eee ae etd 21-7b 
RENOVGl: és a0. ere ees'e48 55 21-7a 
Buss bar: 
INnStallatiOn ax vas oeaw oe ae e 4-71b 
Removal... ... 00 ccc eee eee 4-7la 
C 
Cable, 12-volt regulator 
INStA ATION ic taawadaw end 4-70b 
RenOUGl: 2.464 sa ene oases 4-70a 
Cable, 200-ampere dual voltage 
alternator: 
[MSHA ATION «0 sia ee ae ee as 4-6b 
Removal... ... 00 cc eee eee eee 4-6a 


Change 1 


4-120 
4-118 


4-12 
4-12 


INDEX 7 
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C (Cont'd) 


f Cable, 200-ampere dual voltage 
umbilical power: 
Installation... .........0008 
ReMOVGlia as 492443 Hee Ree ae 
Cable, 400-amp dual voltage 
alternator: 
Installation... .........0008 
ReEMOVdli-. os Meee ete eb eeeae 
Cable, battery: 
Cleaning and inspection...... 
Ground cable installation..... 
Ground cable removal........ 
Ground cables disconnection . . 
Ground cables reconnection ... 
I nterconnecting cable 
INStallaHON «04504 eG esa Gea 
Interconnecting cable removal . 
Positive cable installation. .... 
Positive cable removal ....... 
Cable, hand throttle control, and 
bracket: 
Installation... .........0008 
R@EM0Val. «cc ccaceinenavneas 
Cable, heater control, and 
shutoff valve: 
Adjustment.............05. 
Cable, parking brake, right: 
Installation... ..........008 
REMOVl init die evan de Deew se 
Cable, power: 
InsStallatiOn «sa weweaae ceeds 
REMOVAL, és sus eda be ose ae 
Cable, slave receptacle and: 
MISDERION 22554 aca ie ease een 
Installation... .........0008 
ReMOVdl.-2¢5s5304%08 eee a eae 
Cable, speedometer: 
[NStallatiON « <4 :4s4%eeune eas 
Removal... ... 0.0. c eee eee 
Cables, rear antenna: 
[Installation iasc8acedcecewns 
REMOVE. a 43044 eee den cease 
Cables, starter power: 
INStallatiOh:s.2 a4 ¢es<2 640800 
Removal... .... 0.00 eee eee 
Cable, transfer case guide: 
Installation... ..........0005 
Removal... . 2... ccc eee eee 
Cable, winch: 
Installation... .........0008 
Removal... ... 0... cee eee 
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Para. 


INDEX (Cont'd) 


Page 


Para. 
C (Cont'd) 
Cable, 10,500 Ib hydraulic 
winch (M1113): 
Installation.............05- 12-28.1b 
ReEMOVals dace ode ke Gea Be 12-28.1la 
Cable, 10,500 Ib rear hydraulic 
winch (M1114): 
INStallatiOn) 200246 230 chew dd 12-36.2b 
ReNOvale seeeses eee eedsse os 12.36.2a 
Caliper, rear dual service/parking 
brake: 
Cleaning and inspection...... 7-15b 
IniStallatiOWi csi veasdcdaad ws 7-15c 
REMDValeev accede vn ct eb vend 7-15a 
Caliper, service brake: 
Cleaning and inspection...... 7-4b 
Mistal Allin dsc a2 s a4 eee 39 Se 0 6 7-4c 
Removal. ........000e ee eee 7-4a 
Camouflage screen stowage straps: 
Installation... . 0... 0. ce ee 10-36b 
REMOVE: 6 sche ietsa ee daeys 10-36a 
Can tray, water: 
PStalAtIOW: i 2 are t See oe Nan eG 11-70b 
REMNOVal..c28 3 sevenitekas ewd 11-70a 
Capacitor, Transmission Control 
Module (TCM): 
LHSt al ARON: we 0 ares: aed e ed bore %o 4-47.1b 
REMOVal s.ense see iess.aee os 4-47.la 
Cargo bulkhead: 
IiStallatiOny«'s esos iee4.agee 10-49b 
Removal. ........00c cece eee 10-49a 
Cargo bulkhead extension: 
Assembly... . 00... cece eae 10-50c 
Disassembly ...........0055 10-50b 
INStAlAtION coca wu ce eb vee wg 10-50d 
Removal...... 0c c ee eee eee 10-50a 
Cargo bulkhead mounting brackets: 
MiStallanliOnl es sic o204.2e 42 e0004 10-51b 
Removal. ........000 cece eee 10-5la 
Cargo door access, rear: 
DW MNG cg evens wb tak ange ee 11-90a 
LOWEFING..... cee eee eee 11-90b 
Cargo shell: 
INSPSCION 14 2.ete vas ee Kaew 25-7b 
PStAN AUCH é5-¢: dee aise d-kers oe 25-7C 
REDE cae eS bes eee nseeer ud 25-8 
ROVOValosGee cheaters ssees a 25-7a 
Cargo shell door: 
Adjustment .............00. 11-14c 
INSPECIONs 423056 te0et5e eed 11-14a.1 
Installation.............05. 11-14b 
Removal. .......0000 cece eee 11-14a 


Para. 
C (Cont'd) 

Cargo shell door armor: 

INSPAION oe ia 8 2e5 cea Seas 11-13b 

Installation. .............5- 11-13c 

PemOValis ot a08 2oawa de hee ou 11-13a 
Cargo shell door dovetail assembly: 

ACMUSUMNEN .d2426i5 «eee cas 11-20c 

INnStalatiOn) cac+2ccncreeaeas 11-20b 

REMOVE 54350 ven eeses ce es 11-20a 
Cargo shell door dovetail spring: 

IMiStal AION ac 3% goneaeeede a's 11-28b 

Removal. .......00000 eee 11-28a 
Cargo shell door front striker: 

Installation... ..........05- 11-25b 

Removal. .......00000 eee 11-25a 
Cargo shell door gas spring: 

ASSEMDIY. 6 ee 11-22d 

Disassembly ............05. 11-22c 

INSPECUOM ova s cca de awaaed 4 11-22c.1 

Lnistallation «2sasececee wees 11-22e 

ReMNOVGl: «o2424 $2028 ceesees 11-22b 

FROLGUING. < oe2 o02 4 ecb eee arte odes 11-22a 
Cargo shell door left side gas 

spring mounting bracket: 

INSDPECUOM ans ae ve tan ae nee ys 11-29b 

Installation... .......00000 11-29c 

PMNOV Alisa. S'S see Se ceo eae ai 11-29a 
Cargo shell door grab handle: 

Installations <3 4es40 sens stg 11-16b 

Removal. .......00000 eee 11-16a 
Cargo shell door handle latch: 

Installation. ............05- 11-17b 

Removal. .......2000 eee 11-17a 
Cargo shell door latch: 

Adjustment.............05. 11-18c 

[nStallatiOn #222 4awenae wee sd 11-18b 

Sk 10.0,).2| Ae a or ee 11-18a 
Cargo shell door latch rod: 

ACIUSUNGENL . «.i¢ dese cader ss 11-19c 

Installation. ............05- 11-19b 

ReMOVGlin os t225beeene- ns eas 11-19a 
Cargo shell door liner: 

MStaNaUIOW «i203 s@e we neeae 11-31b 

REMNOVali ccs esoudu eiweeeeds 11-31la 
Cargo shell door rear striker: 

[AStANAUION 260420000 eea dens 11-26b 

ReMOVdls¢ 344640 ekGn. 84 ses 11-26a 
Cargo shell door rear striker 

mounting plate: 
Installation. .............5- 11-27b 
Removal. .......0000e eens 11-27a 


TM 9-2320-387-24-1 


INDEX (Cont'd) 


Page 


11-25 
11-25 
11-25 


11-38 
11-38 
11-38 


11-51 
11-51 


11-48 
11-48 


11-44 
11-44 
11-44 
11-44 
11-43 
11-41 


11-52 
11-52 
11-52 


11-33 
11-33 


11-34 
11-34 


11-35 
11-35 
11-35 


11-36 
11-36 
11-36 


11-56 
11-56 


11-49 
11-49 


11-50 
11-50 


Para. 
C (Cont'd) 

Cargo shell door retention cable: 
INSDECUON 2206s éteave see as 11-21a.1 
Installation... ....... 0. 11-21b 
REMNOVdl. aached bayeewa Reena 11-21a 

Cargo shell door seal: 

Installation... .... 2... eae 11-24b 
RENOVA: ci0k coceaddciaaedd 11-24a 

Cargo shell door strap: 

INSPECION 222 5eceeseceesedi 11-23a.1 
INStAN ATION ie das eewlae dade as 11-23b 
REMOVal. cicada eee es 11-23a 

Cargo shell door wire handle lock: 
Installation... ....... 0. eae 11-15b 
Removal... . 0.00 cee 11-15a 

Cargo tiedown: 

Installation... ....... cee 10-52b 
REMOV li 6c b ewe dake See bowels 10-52a 

Catalytic converter, muffler and: 
Installation... ....... 200 eee 3-49b 
RONWalitcccceeerakeeeensé 3-49a 

Catch, battery box cover: 

InstallatiON «cas vite ove ds 10-42b 
Removal... ... 0. cece eee eee 10-42a 

Catch, door latch: 

Installation... ....... 0c. 11-12b 
REMOVOl: 6 sin cae hatansadoe ke 11-12a 

Catch, fuel door: 

[MStal AION: «cares 8 eas ae 10-4b 
REMOVE ot ci G onda deuce dd 10-4a 
CDR valve and bracket: 
Cleaning and inspection...... 3-9c 
Installation... .......00 eee 3-9d 
Removal.........00cc eevee 3-9b 
VOSUING 0.0 6 ea cee od oe ey eden 3-9a 

CDR valve hoses: 

Installation... ..... cece 3-10b 
REMNOVdl cnc ener ekicw Rawend 3-10a 

CDR valve vent line: 

Installation o2 ccc eeeiveaaend 12-44b 
RANOVGl: 65.2% 48602 a? oe 2G 035 12-44a 

Center hood stop: 

HASEGIAUION) «2 aks Z ied be wes a8 10-12b 
REMOVal.a 6464604045 boat eed 10-12a 

Center hood stop guide: 

InstallatiON 24464 ee s<4 0% oa 10-14b 
REMOVdl: 2300 ee Bhi eu Ree 10-14a 

Center link: 

Installation... ......... eee 8-15b 
ReENCVdlc ccdse deadecveneci 8-15a 
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Para 
C (Cont'd) 
Center support: 
ASSEMDIY «44's « over tie oe 3 4aw 28-9d 
Cleaning .........0e eee aee 28-9b 
Disassembly .........00 eee 28-9a 
INSPSCUON 32.4 d0d-d oeer eek oe 28-9C 
Chain, shelter carrier tailgate: 
Assembly... 0.0... cee 11-77c 
DiSaSSEMDIY si i¢es eee ea eves 11-77b 
Installation... .........0008 11-77d 
Removal... . 2... cece eee 11-77a 
Characteristics, capabilities, and 
features, equipment .......... 1-10 
Circuit breaker: 
Installation... .........0008 4-12b 
Removal... .. 0... cee eee 4-12a 
Circuit breaker, windshield de-icer, 
defroster switch, and: 
Installation... .........00 ee 10-67b 
REMOVEl «sunset eeveecsicaxs 10-67a 
Circuit breakers, transmission: 
[nstallatiGh «5454245524088 4-43b 
Removal... .. 0... c eee eee 4-43a 
Clamp, battery cable terminal: 
Installation... .........0008 4-67b 
ReMOVdli +24 3520.aneked Baas 4-67a 
Cleaning: 
General maintenance........ 2-14 
Close-off and retainer, intermediate 
steering shaft: 
InStallatiOn: 4024404 eee ends 8-22b 
REMOVal sc 563 baee ee dee cea 8-22a 
Coil spring: 
InsStallatiOW-s244% ase e340 2ea%s 6-27b 
REMOVAl: sj eevee eee 6-27a 
Cold-advance solenoid, fuel 
injection pump: 
Inspection... .. cee eee 16-9b 
Installation... .........0008 16-9c 
REN: « o2s60$6226 be eheax 16-9a 
Cold-advance switch: 
Installation 2.04242 46 048 e405 4-31b 
Removal... ... 0.00 cee eee 4-3la 
Column, steering: 
Installation... .........0005 8-18b 
ReNWal.¢s256e1dsee vee dean 8-18a 
Commander’s control box 
mounting bracket: 
[nStall atiGh = 24+ sax meee Ree Ss 11-64b 
Removal... ... 0... cee eee eee 11-64a 
Common tools and equipment.... 2-1 
Communication kits maintenance 
task SUMMOALy 22s 2c dea ce wes 12-16 
INDEX 10 Change 1 


INDEX (Cont'd) 
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28-35 
28-32 
28-32 
28-32 


11-138 
11-138 
11-138 
11-138 


1-2 
4-26 
4-26 
10-114 
10-114 


4-70 
4-70 


4-108 
4-108 


2-30 
8-62 
8-62 
6-61 
6-60 


16-18 
16-18 
16-18 


4-55 
4-55 


8-52 
8-50 


11-124 
11-124 
2-1 


12-27 


Para. 
C (Cont'd) 
Companion seat assembly: 
ASSOMDIW  o20% 23634083 24%'S 10-44b 
Disassembly ...........0055 10-44a 
Companion seat assembly and 
battery box cover: 
installa = .2¢sixie« kee ene 10-43b 
REMNOVGl:.< cndsctackdvccaads 10-43a 
Composite light assembly, front: 
installaviOn.2s2422n0e2%2084 4-53b 
RENWEl: ssa sn ee eanedese sd 4-53a 
Composite light assembly, rear: 
INStAWGONs; «.é-0s % =e'x eu, &2 4-57b 
Removal... 0.0... 00 cece eas 4-57a 
Composite light lamp, front: 
Installation................ 4-54b 
Removal... ....... 00 cee eee 4-54a 
Composite light lamp, rear: 
Installation..............4. 4-55b 
REMWals ete weatee Sa bauxe 4-55a 
Compression/mechanical tests ... 2-30 
Condenser fan access panel: 
INSPECTION... eee eee 11-86b 
[stall Qui «222 asad Pata 2 11-86c 
Rema: 2226 $0 ae ban seekss 11-86a 
Condenser fan exhaust and supply 
vent: 
Exhaust vents installation.... 11-85d 
Exhaust vents removal....... 11-85a 
INSPSCUON ssi5 Gad ARS eRe wed 11-85c 
Supply vents installation ..... 11-85e 
Supply vents removal........ 11-85b 
Connecting rod, locking pawl and: 
Installation.............0.. 11-7b 
Removal... 0.0... 00 cee eee 11-7a 
Connector and grommet, service 
headlight and blackout drive light 
electrical: 
IStANAUION wie chs Gtwdve 24% 0% 4-65b 
Removal... .... cece eee eee 4-65a 
Connector, wiring harness: 
Connector assembly repair.... 4-80d 
Female cable connector repair . 4-80c 
Male cable connector repair... 4-80b 
Protective control box lower 
cannon plug assembly repair . 4-80f 
Receptacle assembly repair ... 4-80e 
Terminal-type cable connector 
FOD@Il ia cea a esse eee es 4-80a 
Control arm bracket, rear upper: 
WiStallaviOn:.% vic ee tan eee 54 24-11b 
Removal... .. 0.00000 cece 24-lla 
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10-74 
10-74 


10-73 
10-73 


4-90 
4-90 


4-96 
4-96 


4-92 
4-92 


4-93 
4-93 
2-147 


11-154 
11-154 
11-154 


Para 
C (Cont'd) 

Control arm bushing: 

INStallatiOh 4+ és 940 a ee 40a 21-7b 

Removal... ... 0.0.0 cee eee 21-7a 
Control arm, lower: 

Installation... .........0008 6-26b 

ReMOVdlis ou caged aese Rees 6-26a 
Control arm, upper: 

INStallAtiON wic45 os cee saeeas 6-25b 

REMNOWdl:. 2 seen ede eda dado’ 6-25a 
Control box, protective: 

Installation... ..........005 4-4b 

REMOVAL: 3.443 deGe reed eacicus 4-4a 
Controller, glow plug: 

InStallatiOh << see eveduwe eas 4-33b 

Removal....... 0. cece eee 4-33a 
Controller plug, 10,500 Ib 

hydraulic winch (M1113): 

Installation... .........0008 12-32.1b 

REMOVAl.. «6 di ils ee be ewe ne 12-32.1a 
Controller plug, 10,500 |b rear 

hydraulic winch (M1114): 
Installation «a4 skse8e2eeeas 12-36.6b 
Removal....... 0.0 e eee ee 12-36.6a 


Control valve and accumulator 
housing repair: 


Accumulator housing assembly 28-17h 
Accumulator housing cleaning. 28-17a 


Accumulator housing 
disassembly............00. 


Control valve assembly....... 28-17f 
Control valve cleaning ....... 28-17d 
Control valve disassembly .... 28-17c 
Control valve inspection...... 28-17e 
Control valve, power steering 
system hydraulic: 
Back flush procedure ......... 8-25b 
INSPECtION .. eee eee 8-25c 
[nStallAUOW weed teenie see er 4 8-25d 
FRERTIOW A a sie tah da dd rn asd 8-25a 
Converter housing cover (2-piece), 
sealed lower: 
IMSPOCION 22542 oeheee seer es 5-11b 
Installation................ 5-11c 
Removal. .......00 cece ees 5-lla 
Converter housing cover, sealed 
upper: 
INSDECUON 22s seevavees ened 5-12b 
INStallatiOi 56 405.018 Gade ex 5-12c 
Removal.........0000e eee 5-12a 
Converter, torque: 
Cleaning .........0000 cee 28-4a 
INSPEC 225525 250s ewake ss 28-4b 


28-17b 
Accumulator housing inspection 28-179 


INDEX (Cont'd) 
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C (Cont'd) 

Cooler hose, power steering: 
[Sta ARON tein 4 bees e Hare 
Removal.........00 cca eae 


Cooling system: 
Maintenance task summary 


(DS) é034 cae ae Rese wees 


Maintenance task summary 


(WIE) sare tere pout nare washes 
Cooling system operation ...... 


Cooling system servicing: 


DepressuriZing .........66. 
Draining system........... 
Filling system...........0. 
Preventive cleaning......... 
Cooling system testS.......... 


Cover, differential: 


Cleaning and inspection..... 
Installation............04. 
REMWGl cst cnetve ech eb wes 


Cover, door latch: 


Installation............... 
Removal..........200000ee 


Cover, engine access: 


ASSOMDIY = a2 ves heed 2% oie: 
Disassembly ...........05. 
Installation... .........005 
REMOVal.. ccc cea ee cewa es 


Cover, geared hub side: 


Cleaning and inspection..... 
INnStallauiOnl 225208 e6 bes bes 
Removal... .. 0... eee 


Covers, A/C coolant line: 


Inspection... .... cee eee 
Installation............... 
Removal........000ceeeaee 


Cowl armor: 


INSPECION ..2<seedesevniaes 
Installation............... 
Removal..........0000ea ee 


Cowl insulation, left front: 


Installation............... 
Removal..........000000 ee 


Cowl insulation, left outer: 


Installation............... 
Removal..........00000aee 


Cowl insulation, right front: 


Installation............... 
Removal..........000000ee 


C-pillar bottom left side armor: 


INSPECION so0 s4asecena aoe 
Installation............... 
Removal..........000000ee 
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Para. 
C (Cont'd) 
C-pillar door, guides, track, and 
door stop: 
InspectiOn ....... 00. cee eee 25-12b 
Installation... .........0008 25-12c 
REMOVEli oo 220edew cere e euns 25-12a 
C-pillar partition: 
ASSEMDY:. cian cnabeeneeeeds 25-9C 
DISASSEMBIY’s 3s ea24es-04 e00% 25-9b 
IMSPSCUON 24 as enteceneeeuds 25-9b.1 
InstellatiOh:.44¢4i026404e4% 25-9d 
REMOVAL. csc ee cae a ae as 25-9a 
C-pillar top armor: 
Inspection ........ 000 eee 11-45b 
Installation... .........0005 11-45c 
REMOVali 66d sie awee eve ewes’ 11-45a 
Crankcase Depression Regulator 
(CDR) valve and bracket: 
Cleaning and inspection...... 3-9c 
Installation... .........0008 3-9d 
ROMOVdlis ge eee tena nee ee 3-9b 
Westin s.2.n20 se coded and 3-9a 
Crankshaft pulley: 
Installation... ..........0005 15-6b 
RONOVdli <s.c:2sk ues e ne we 15-6a 
Crossmember bracket, rear, and 
rear body mount bracket: 
IMStall@tiON 2 case ee ae wae ae 24-21b 
Removal... . 2... cece eee eee 24-21a 
Crossmember, front, rear 
suspension: 
INStall@tiOn «sie ween eae cea 24-18b 
REMOVal osu c ceed oe wanda een 24-18a 
Crossmember, rear, rear Suspension: 
INStallQviOhh + as... ke are e'c ae 24-19b 
Removal... . 2.0... cee eee 24-19a 
Crossmember, suspension: 
InspectiOn .........0 cee eee 24-20a 
Redd whan use te eeueee hea 24-20b 
Crossmember, transmission mount: 
[MStall AQUiONy «ssa xa@s we oa eee ae 9-10b 
REMOVEl..«. can edeeudws teens 9-10a 
Crossover, intake: 
[nStallatiOn ca csacee veces 15-20b 
REMOVAlis3 xsd eee ee den eeus 15-20a 
Crossover, water: 
INSPECUION: 325 40% eeg2 $a Sea's 3-79b 
Installation... ..........005 3-79c 
Removal......... cee eee eee 3-79a 
Cylinder head, left: 
Installation... .........0008 15-4c 
Removal... ... 0.00 cee 15-4a 
RebdIIl 1223s eel cy snneesyaa 15-4b 
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15-14 
15-14 


24-38 
24-38 


24-32 
24-30 


24-34 
24-34 


24-36 
24-36 


9-16 
9-16 


15-37 
15-37 


3-138 
3-138 
3-138 


15-10 
15-8 
15-8 


Para 
C (Cont'd) 
Cylinder head, right: 
DriStal lAbION iis oc 3a heats vara 15-5c 
Removal. ....... 0000 eee eee 15-5a 
REEF cit sen ceudetese acess 15-5b 
D 
Damper, torsional: 
Installation... ..... 0. eee 15-7b 
RENOVGl: 2.465004 oweeted een 15-7a 
Data, tabulated............... 1-15 
DCA troubleshooting........... 2-45 
Decontamination brackets (M13): 
DMStallOblOW «22+ hase eee Rae ae 10-58 
Deep water fording kit exhaust 
assembly: 
INSPECKION . 6. eee eee 12-38b 
IMStallAUiON «as <2 a one sean 33 12-38c 
Removal. ....... 0000 eee eee 12-38a 
Deep water fording kit maintenance 
task summMary..........000 6 12-37 
Deep water fording sensor cup: 
InStallQuiOW cc «<0 2sae eee 54 12-46b 
Removal.........00 eee eee 12-46a 
Defrost control: 
Installation... ....... 0. 10-77b 
ReENNOVGl: 2 «naw k ean wemdoce 2G 10-77a 
Defroster ducting: 
[nStallatiOn «ances nie evens 10-82b 
REMOVE ice che diccewae sd 10-82a 
Defroster nozzle, left: 
INStANBEON s-0 ceca cea wees 10-83b 
ROMOValioeeasnst ees oe 10-83a 
Defroster nozzle, right: 
INStAN LION «202 een sea oe as 10-84b 
REMOVAl < « ccic a ened com daidars 10-84a 
Defroster switch, and circuit 
breaker, windshield de-icer: 
InStallatiON 2.40 ee 28s cncaa wn 10-67b 
Removal... ... cc cece eee eee 10-67a 
Destruction of Army equipment to 
Prevent: GIeMY USE «sis wad eas 1-3 
Differences between models ..... 1-14 
Differential: 
Assembly... .. 0.0.0 cee eae 30-3d 
Cleaning ....... cece eens 30-3b 
Disassembly cc. cece cs na wend 30-3a 
INSPSION +26 weseesceeeens 4 30-3c 
Installation. ............008 21-5b 
ROMOVGliéscx eck ete ekoeae 21-5a 


D (Cont'd) 


Differential and axle free play 
tolerance inspection .......... 
Differential cover: 
Cleaning and inspection...... 
Installation.............0.. 
REMOVE «2252s eaeeeeakees 
Differential output shaft seal: 
InStall Avioli: 234 xeaan veees 
REMNOWEl. 2.865604 eearecreo x 
Differential repair task summary 


Differential support bracket and 
side mounting bracket: 
IMIStallationl. «¢¢«2 dee ge aed's 
Removal. ........00c cece 
Differential valve, proportioning 
valve and: 
Differential valve installation. . 
Differential valve removal .... 
Proportioning valve installation 
Proportioning valve removal. . . 
Differential vent line: 
installations 1s<idvteand dex 
ReEMOVGl. es 2502 86y2u Heb eeax 
Dipstick tube, engine oil: 
INStallatiOn 2.4.4 e295 2%ue0 seeas 
Removal.........00 cee ees 
Dipstick tube, transmission oil: 
Installation. ............0.. 
REMIOVGl.« oe veyed an ae oe eee 
Direct clutch assembly: 
ASSEMDIY: os vec ee eeae wey 
CIGAMING .220ceeceeedanvecd 
Direct clutch piston movement 
measurement...........05. 
Disassembly ...........0005 
IFISDECION 6 304 eeeGe ses Seu 
Directional signal control: 
installations s 22s ave'ea~ bees 
Removal.........00c cee eee 
Directional signal control 
cancelling ring: 
Installation.............0.. 
REMOVGl. <.c4anckvbcen evox « 
Directional signal control 
indicator lamp: 
installaviGn<aiseneceexecdeess 
Removal........000c cece 
Directional signal flasher: 
InStallation..3.24 2a.¢ee-0%8 ee 4% 
REMOVGli. oviun koved ee ees 


Para. 


7-10b 
7-10a 
7-10d 
7-10c 


INDEX (Cont'd) 
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21-20 


6-46 
6-46 
6-46 


21-2 
21-2 


30-1 


24-22 
24-20 


7-32 
7-32 
7-33 
7-32 


6-39 
6-39 


3-2 
3-2 


5-14 
5-14 


28-40 
28-38 


28-40 
28-38 
28-38 


4-104 
4-104 


4-105 
4-105 


4-103 


4-103 


4-102 
4-102 
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Para. Page 
D (Cont'd) 

Disc brake caliper: 

BSSEMDIY <6 os 3haeat eee ax 22-4d 22-6 

Cleaning ...........0000088 22-4b 22-4 

Disassembly ............04. 22-4a 22-4 

INSDECHION cei seceeseciesasi 22-4c 22-5 
Diverter box: 

ASSEMDIY: 222654532 be4e0d2 10-81c 10-140 

Disassembly .........000055 10-81b 10-140 

Installation i142 cacdeecevaeda 10-81d 10-140 

REMOVGL: one ads ie a cueeeee BA 10-81a 10-140 
Diverter box cover: 

ISLA GMION es. $s a 2-42 dba. 23 10-896 10-151 

Removal. ........000e eee eee 10-89a 10-151 
Diverter ducting: 

LAStal GROW ieccoca wk eG eee ala See 10-866 10-148 

Removal..... 2.0.00 cee e eee 10-86a 10-148 
Door and hinge, front: 

Installation... ....... cea 11-2b 11-4 

REMOVAL: ou be ao Bw Es CR ed ed 6 11-2a 11-4 
Door and hinge, rear: 

INStANATION ¢< cova vs ween donc 11-2.16 11-4.2 

RONOVGk: 605005. eee Seseae ac 11-2.la 11-4.2 
Door armor, cargo shell: 

INSDECHON ~iaceeevrces sense 11-13b = =11-25 

Installation... ....... 0.0 11-13c 3=—s._:111-25 

PEMOVGl: oxo heen sadae ke 11-13a 11-25 
Door, cargo shell: 

Adjustment .............00. 11-14c =11-30 

INSDECUON s He's.2 os eee bare ea 11-14a.1 11-26 

Installation... ....... 0. ee 11-1465 =11-28 

REMNOVh. cco s60a htawwn elhd 11-14a 11-26 
Door dovetail assembly, cargo shell: 

Adjustment .............005 11-20c = =11-38 

IMSCANATION oe via Kaa sed ee eds 11-206 =11-38 

REMNOVEl seta dae a en eed 11-20a 11-38 
Door dovetail spring, cargo shell: 

Installation... ... 02... 11-286 =11-51 

Removal... ... 00 cc eee eee eee 11-28a 11-51 
Door, fixed rear: 

Installation. ............002 10-206 10-33 

ROMOVGls wins ae iethhxwdan ae 10-20a 10-33 
Door front striker, cargo shell: 

INStall ANON «caves. wie x dadord ae 11-255 11-48 

REMGV ah: ich bio ca ek awe ete 11-25a 11-48 
Door, fuel: 

INStAN ANION ¢ cated csa ean and 10-3b 10-5 

ROMOVda Ss oeseneeiests os 10-3a 10-5 
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Para. 
D (Cont'd) 

Door gas spring, cargo shell: 

ASSSMNDY « o2s0%sea08 o60 4% 11-22d 

Disassembly ............05. 11-22c 

INSDAAION vesGew a2 od-3 $c 2c 11-22c.1 

Installation.............0.. 11-22e 

REMIOVEl: «224525 oh.enes ReaD 11-22b 

ROUGUING +... «sset2nedaeebuss 11-22a 
Door left side gas spring mounting 

bracket, cargo shell: 

INSDECION o25 64 execu sxeeee 11-29b 

Installation................ 11-29c 

REMOVE: cx cc cd bdedinea eau 11-29a 
Door grab handle, cargo shell: 

INStallatiON sss oucaneee ane da 11-16b 

REMOVal. <1 deena vecneadex « 11-16a 
Door handle: 

Installation 1 «<adveeoud dex 2 11-5b 

ReMOVdl:s sti vet er sueeesean 11-5a 
Door handle assembly: 

[AStANAION 2.45669 2% e208 ak 10-19c 

Removal. .......00 ccc eee 10-19a 

ReDIF 1405 bees eke ed ex 10-19b 
Door handle latch, cargo shell: 

[nStallatiOy ws0% vod an ae ee eo 11-17b 

REMOVE. 22 ccnawtecedacreds 11-17a 
Door hinge, soft top: 

InStallaviOn 2415 65e<eene« eda 10-91b 

ReEMOVdli:s s654 «desea eee ou 10-91la 
Door latch: 

INSDOCION ¢554 o2h4044-ae%o% 11-4b 

Installation. ............0.. 11-4c 

Removal. .......0 0c eee eee 11-4a 
Door latch adjustment: 

Exterior handle adjustment... 11-9a 

Interior handle adjustment ... 11-9b 

Locking rod adjustment ...... 11-9c 
Door latch, cargo shell: 

ACGHUSUNGNL «sis bea e248 x 11-18c 

Installation.............0.. 11-18b 

ReMOVGli-. oven 25 ona ee eek ee 11-18a 
Door latch catch: 

InStall Avion wc. 5 oaae xen wea 11-12b 

REMWGl. 2. ces adateengeded x 11-12a 
Door latch cover: 

InstallaviOn 2as224e22ne<cee52 11-6b 

ReEMOVdlis 665644 en ea oes see's 11-6a 
Door latch rod, cargo shell: 

Adjustment.............050. 11-19c 

Installation. ............0.. 11-19b 

Removal.........000c eee 11-19a 
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Para 
D (Cont'd) 
Door liner, cargo shell: 
INStallatiOW ac. isaesatevaw as 11-31b 
Removal... ... 000. e ee eee ee 11-31la 
Door rear striker, cargo shell: 
Installation... .........005. 11-26b 
REVOVl: os cence ae Pasar RA 11-26a 
Door rear striker mounting plate, 
cargo shell: 
InstallatiOW wiwecaudeveraedi 11-27b 
PeOV als xan tot aie sae ae ba 11-27a 
Door release handle, locking 
rod and: 
lnstallation i c.a 046 oe wowace a 11-8b 
Removal... ... ccc c eee eee 11-8a 
Door retention cable, cargo shell: 
Inspection ....... 00 cece eee 11-21a.1 
INSEAD ATION oc ise ewe oe ek Hewes 11-21b 
RENOVGl: 620% vai cease seekas 11-21a 
Door seal and pull strap: 
Door pull strap installation ... 11-11d 
Door pull strap removal ...... 11-11c 
Door seal installation........ 11-11b 
Door seal removal........... 11-1la 
Door seal, cargo shell: 
INStANATION sc 0cd0 genet caw end 11-24b 
REMOVGl: o0c40s ee cen esae os 11-24a 
Door, soft top, adjustment...... 10-92 
Door strap, cargo shell: 
Inspection. ........ 00 cee eee 11-23a.1 
Installation... ....... 2.0 ee 11-23b 
REMOVAL es oka ew esas eee ad 11-23a 
Door striker, soft top: 
INStAlATION oes cdeda wed vend 10-94b 
PENOV el: 655i a0 0-40 ad 396 oe 10-94a 
Door, turret: 
Installation... ......... eae 11-53b 
REMOWal. oie iar eran ews 11-53a 
Door window: 
Installation... ....... 0.00 11-3b 
REMIOVdlid ian33 cee ae ewe Re 11-3a 
Door window seal: 
Installation... ....... 0.0 eee 11-10b 
RENOVls ¢vwis sce dd ci Gas di 11-10a 
Door wire handle lock, cargo shell: 
INStallatiON si a6 careaeeeara ews 11-15b 
MeMOV dle < 5424505 4 cueee 2 os 11-15a 
Double ammo box tray (caliber .50): 
IISDSCUION: =a ss oes are eee Sak 11-68a.1 
INStAlALION i inevaces a eee ce Ga 11-68b 
Removal... ... ccc eee eee 11-68a 


11-47 
11-47 


11-129 J 
11-129 
11-129 


Para 
D (Cont'd) 
Drainage bracket: 
INStallatiOn és asc sa0oa 24 240s 3-22b 
Removal... ... 0.00 eee eee 3-22a 
Drivebelt, serpentine: 
Alignment ............0000. 3-81c 
Installation... .........0008 3-81b 
REMOVEl: 24245424 osecbeaned 3-8la 
Driven gear, soeedometer: 
Installation iaciaaicecneveuns 5-17b 
REMOVEl ss 03 bee e ewes bb eeus 5-17a 
Drive, oil pump: 
INStallatiOhis:. ceva awed aw gees 15-14b 
REMOVAL: occa et et awake as 15-14a 
Driver’s footwell inner armor: 
INSpectiOn ........ 00 cee ees 11-41b 
Installation... ..........0008 11-41c 
ReMOVal. «6 vs van wade cews « 11-41a 
Driver’s footwell outer armor: 
INSDECION 224 sen au dcawwd ex 2 11-40b 
Installation <<a%s46sae4e2a% 11-40c 
Removal... ... 0.0.0 cee eee eee 11-40a 
Driver’s rearview mirror bracket: 
IMNSPECtION . 6. eee 10-69a.1 
[MStall QtiOW a sucex a vine ae evs 10-69b 
REMOVdl..0 64202200 ¢ed0ueed8 10-69a 
Driver’s seat assembly: 
ASSEMDIY:. 22455286 6oheaxdon 10-41b 
DiSaSSeEMBIY os. esses eeae vs 10-41a 
Installation .s.4.0600n00eea 10-40b 
Removal... ... 0c. cee eee 10-40a 
Drive sprockets, timing chain cover, 
timing chain, and: 
INSHSCUON: osswewdve sxe sdeee 15-10b 
[NStallatiOn vs 4,c%4208 chaac a 15-10c 
Removal. ..... 0.00 eee eee 15-10a 
Drivetrain operation ........... 1-18 
Drivetrain testS............00. 2-43 
Ducting, defroster: 
InStallatiOn vide waxe cee ceeds 10-82b 
ReMOVal; « ies a6940 $h0404 aR 10-82a 
Ducting, heater: 
[NStallatiGhh << Ge e405 Se eed ers 10-80b 
Removal.........cc eee eee 10-80a 
Dust unloader, air cleaner 
assembly and: 
INSDECUON ax s205 ¢5a% ae nee a 3-12b 
Installation... .........0008 3-12c 
REMOVAL: a:94 2 bees ee de eeG 3-12a 
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Para 
E 
Electrical circuit description..... 2-22 
Electrical gauge: 
Installation .<2<.idvs2weaaend 4-16b 
ReMi al <<.t% ve oGaw he 52 << 4-16a 
Electrical/mechanical systems 
troubleshooting...........06 2-19 
Electrical system maintenance 
task SUMMOANY :2c4He.0 0200 end 18-2 
Electrical testS............000. 2-27 
Element, air cleaner filter: 
CIGANIIG! 2xarna: see end Kae de 3-13d 
Emergency deaning......... 3-13c 
IMISSCHION 644-4 ose eee eee 3:8 and 3-13b 
Installation.............04. 3-13e 
Removal... ... 0c. c cece eee 3-13a 
Element, fuel filter: 
Cleaning and inspection...... 3-34b 
Element installation......... 3-34c 
Element removal............ 3-34a 
Engine/crew compartment heater 
assembly: 
Installation.............0.. 12-10b 
RENOVA: ¢:232¢sekiwee hae £2 12-10a 
Engine/crew compartment heater 
circuit breaker: 
installatio.52«2%2282250n) 12-12b 
ROME: @ sae deas ees £25 b 88 12-12a 
Engine/crew compartment heater 
controller: 
Installation..............0.. 12-13b 
REMNOVGl.w odes achosacdasesd 12-13a 
Engine/crew compartment heater 
exhaust muffler: 
Installation 242. duee 2% bec nd 12-3b 
Removal... ...... 00 cece eee 12-3a 
Engine/crew compartment heater 
exhaust pipe: 
Installation................ 12-4b 
REMOUEl sv eceecuxd<eenaead 12-4a 
Engine/crew compartment heater 
fuel lines: 
Heater fuel lineinstallation... 12-8b 
Heater fuel lineremoval...... 12-8a 
Tank fuel line and supply 
tube installation........... 12-8d 
Tank fuel line and supply 
tube removal ............. 12-8c 
Engine/crew compartment heater 
fuel pump: 
INnsStallauiOnx« ¢ caw s Vee a oese 12-9b 
Removal... ...... 00 cece eee 12-9a 
Change 1 
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Engine/crew compartment heater 
fuel system bleeding.......... 
Engine/crew compartment heater 
wiring harness: 
INStallablOns sais. wcoa8 tude eke 
REMOVE). cicndagha ee ea ean 
Engine/crew compartment heater 
heat shield: 
IMStallatiOn 4 ac2e22<0eneeee0% 
ReMOVelsssx33eeeetede sen es 
Engine/crew compartment heater 
inlet pipe: 
Installation. ...........000. 
Removal. ..... 0... cece ees 
Engine/crew compartment heater 
maintenance task Summary.... 
Engine/crew compartment heater 
outlet hose assembly: 
INStAATION sc. eceekede wes 
REMWVal. 2 ouss..t Aves 2 ceex es 
Engine/crew compartment heater 
circulating pump: 
Installation... 0.4. ..6 ewes 
ROEMOVGle sy snes Grin e eae ene 
Engine/crew compartment heater 
lower hose assembly: 
Staats 420246 cencee dex 
REMOVE ¢ ci.c0des5esens exc 
Engine access cover: 
ASSENDIV: «a5 tesetees 2 ee eRs 
Disassembly ...........0000- 
Installation. ............00. 
REMVal.cseaccdevexacbexad 
Engine access cover flexible 
latch and holddown strike: 
IMStalBHOH 35373 esad otto 
Removal. ..... 0. cece ees 
Engine cooling tests............ 
Engine idle speed adjustment... . 
Engine injection pump timing: 
Timing adjustment.......... 
THIMIMNOGICH 2 c24-02%2 ob 2 tex 
Engine installation ............ 
Engine left splash shield: 
ASSEMDIY. ws ccs cease ae ve eae 
DiSaSSEMDIY 245 402 cena 
INStallaON 254.6 -ee5e8 eed oes 
Removal... ... 0. cece eee 
Engine left splash shield access 
cover: 
Installation. ............00. 
Removal. <.gacesavece ot eeds 
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E (Cont'd) 


Engine lubrication tests ........ 
Engine maintenance task 
summary, general........... 
Engine mount and insulator: 
ASSOMDIY . ss: cece ave dave e bs 
Disassembly ..........0005. 
Installation................ 
RONWAl ge cee¢arraeueneese 
Engine mount bracket, left: 
PistallauOny ge25seziwcaiedse 
REM: ontcccaesceeeoani 
Engine mount bracket, right: 
installaviOn.2s2cecpeceeeadé 
ReMOUal: +. a25.8o¥eeen dae ee 
Engine oil cooler supply and 
return lines: 
Inspection ....... 0.0 e eee 
Supply line installation....... 
Supply lineremoval ......... 
Engine oil dipstick tube: 
Installation 2<d.c4ce ce ea dead 
ReMiOVal. 65.25 22s vaettenass 
Engine oil filler tube: 
INSPECHON ie ve cereadesenss 
Installation................ 
ROTIOUEl: 6s en ae deen ned aexe 
Engine oil filter adapter: 
INSPECUON «eae heea ee eben bo 
installaUiOn:s 23 ca0c562ca5 224 
Real: o.4hneee ewes ses od 
Engine oil service: 
Filter installation ........... 
Filter removal.............. 
Oil CranNGs ss cca eke ok aes hen 
Oil replenishing ............ 
Engine preparation: 
ASSOMDIV...c<2< i402 owed wed 
Disassembly ..........0005. 
Engineremoval.............0. 
Engine replacement in shipping/ 
storage container: 
INStallaViOn 2x02 3 Geeta ses he 
Removal... .. 0.0.00 cece eee 
Engine replacement task 
SUMING ¥ 2ne4n ae eesen de od 
Engine right splash shield: 
ASSOMBIY 22525 0s s esa eda oe ad 
Disassembly ...........0055 
installaviOn <2222ee25e2%5045 
Reale... casas seeadae eo: 


Para. 
E (Cont'd) 
Engine rpm sensor: 

INStAWEUION 2.09 4 wed 20 ce-3 Oe a 4-37b 

Removal.........00c cece 4-37a 
Engine run-in: 

In-chassis run-in. ........... 15-24 
Engine running tests........... 2-24 
Engine temperature sending unit: 

installavion<403202%+s¢0e60 4-28b 

REMOVE: 626% 28s ees daaee 4-28a 
Engine, transmission, and 

power steering oil cooler assembly: 

Cleaning and inspection...... 3-8c 

INnStAllANiOW 24023 het<y ead he 3-8b 

REMOVE: c« i246 owecta ee be 3-8a 
Engine wiring harness: 

installation. .<2ave<eseeees 18-6b 

Removal. ..........000eeeee 18-6a 
Equipment description and data: 

Differences between models... 1-14 

Equipment characteristics, 

capabilities, and features .... 1-10 

Location and contents of warning, 

caution, and data plates..... 1-13 
Location and description of 

major exterior components... 1-11 
Location and description of major 

interior components......... 1-12 
Tabulated data............. 1-15 


Equipment Improvement 
Recommendations (EIR), 
FEOOrEMIG Jcsakeesevecse seed 1-5 
Equipment Improvement Report 
and Maintenance Digest 


(EVR MD) se a2 ews vewda weeeeza 1-6 
Evaporator drain hose, A/C front: 
IMSEAIGUION, o<'s o6 sade eee w exe 11-83b 
RENWdledsseceenex dese eeeke 11-83a 
Evaporator drain hose, A/C rear: 
LSEAIGHION. 02s 2% 6 as Bie wes wa ae 11-88b 
REMOVE): 444 ssiaw eee eee 11-88a 
Exhaust assembly, deeo water 
fording kit: 
ISPECUOM e453 ee eb See 4-eae as 12-38b 
INStallaliOn 2s<% 24226542428 12-38c 
RENOVal ic se5 oc eae da we os 12-38a 
Exhaust manifold heat shield, right: 
Installation... .........0008 3-56b 
Removal...... 0.0 c eee eee 3-56a 
Exhaust manifolds: 
Installation :csaawwiaeedeess 3-57b 
REMOVali.i «dee edecdencwaces 3-57a 
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11-149 
11-149 


11-158 
11-158 


12-70 
12-70 
12-70 


3-102 
3-102 


3-104 
3-104 


Para. 
E (Cont'd) 
Exhaust pipe: 
InstallaviGns 2s 2cescaaeayedi 3-50b 
REMOVE: és doce aden eceaee nd 3-50a 
Exhaust pipe, manifold-to- 
turbocharger: 
NIStAAHION v2 60-04 ieee d-asee 4 3-51b 
REMOVE: 50% 068.404 bee eos s 3-51la 
Exhaust reinforcement bracket: 
Installation................ 12-49b 
10,0 eee oe ee ee ee 12-49a 
Exhaust system maintenance 
task SUMIMOALY «s2s $496 22 deeu5 3-47 
E xpendable/durable supplies and 
materials list: appendix C...... 
Exterior components, location 
and description of major....... 1-11 
F 
Fabricated toolS............... 2-3 
Fairlead roller bracket assembly, 
10,500 Ib rear hydraulic 
winch (M1114): 
installaviOns «dene een cee 12-36.3b 
REMNWals odes eckaeaa den hes 12-36.3a 
Fan access panel, condenser 
INSPECHON 504545 Sseeneeees 3 11-86b 
IFStalaViOn ox v2 oe cide ste ee 11-86c 
ReMUEl: ¢14.44 056 oee nes Dex < 11-86a 
Fan cut-off switch: 
[Stal LAHOW asa Kaan eRe RE 4-42b 
Removal. .........000 ee eee 4-42a 
Fan drive and fan blade: 
INSPECUON Sia seceecueese ors 3-80b 
InStallavion ax ¢.23% siae2dan'es 3-80c 
Real: os ckee nde fb s¢04084 3-80a 
Fan drive friction lining: 
Installation................ 3-83b 
Removal... .......00 cee eae 3-83a 
Fan drive hose and quick- 
disconnect: 
InstallaniOns2scci6oe.dexeee 3-69b 
ROME: «ttc vc cdex ete acon: 3-69a 
Fan exhaust and supply vent, 
condenser: 
Exhaust vents installation.... 11-85d 
Exhaust vents removal....... 11-85a 
INSDSCHON 2.00470 Raee-3 aie aes. 8 11-85c 
Supply vents installation ..... 11-85e 
Supply vents removal........ 11-85b 
Change 1 


12-68.6 
12-68.6 


11-154 
11-154 
11-154 


4-69 
4-69 


3-140 
3-140 
3-140 
3-146 
3-146 


3-124 
3-124 
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F (Cont'd) 

Fan shroud assembly, radiator and: 
Cleaning and inspection...... 3-62b 
Installation... ..........008 3-62c 
ReMOVdli<ouaceg nova ca Rea 3-62a 

Fan temperature switch: 

[nStallatiOn «i. ¢14as00ece eens 4-34b 
Removal... ... 0.0.0 eee eee 4-34a 
Features, characteristics, 
capabilities, and equipment .... 1-10 

Field glasses bracket: 

Installation... ..........005 11-65b 
REMOVAliccedadaroedseaeus 11-65a 

Filler cap and spout, fuel tank: 

INSPECUON 654 oe aeges eee eas 3-29b 
[nStall@tion wc. sew ee eens 3-29¢ 
Removal....... 00 cece eee eee 3-29a 

Filler spout hose: 

Installation... .........0008 3-31b 
ReMOVal..¢ cece eet ecco recne 3-31la 

Filler tube, engine oil: 

INSPCCUOM 22 seedevectorde var 3-3b 
INStallatiOn <4: saecu e402 ava 3-3c 
Removal...... 0.00 eee eee 3-3a 

Filter adapter, engine oil: 

IMNSPECtION .. eee 3-4b 
[Stall QtiOW wsa44a ¥0« ae he ane 3-4c 
REMOVAL «o's bod rd wera Cabri 3-4a 
Filter element, air cleaner: 
GleaniNG) «<4 00's! Kaw dee eel 3-13d 
Emergency cleaning......... 3-13c 
IMNSPECtION 2. eee ee 3-13b 
Installation... .........0008 3-13e 
REMOVdl.c cea ced evecariewee 3-13a 

Filter, fuel: 

BIPCUING) «cea sevave cue texas 3-33c 
[MStallallOW ss .2.4s 4s vee Gaen 3-33b 
Removal...... 0.0 cece eee eee 3-33a 

Fire extinguisher bracket: 

IMNSPECKION 2. eee 10-53b 
[NStallatiO« s4 224% a004 Ha xa 10-53c 
ReMOWdl. os 242e2e00e06 Heads 10-53a 

Firewall armor: 

INSPECTION «2 neneceeseceed x 11-48b 
INStaNAUION acs ca eee dae e eas 11-48c 
Removal... . 2.0... eee eee 11-48a 

Fixed rear door: 

Installation... .........0008 10-20b 
Removal... ... 0... cee eee 10-20a 

Flasher, directional signal: 

Installation... .........0008 4-61b 
REMO0Val.. «io daw nwv ae iw be Kan 4-61a 
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11-125 
11-125 


3-58 
3-58 
3-06 


3-62 
3-62 


3-4 
3-4 
3-4 


Para. 
F (Cont'd) 
Flexible latch and holddown strike, 
engine access cover: 
Installation................ 10-21b 
RONWal. tsi287 bese sees 10-21la 
Floor drain hole plate: 
LnStalllQUON 34% oh ate aware ae 10.58.1 
Floor insulation, rear seat: 
[nstallauOn 4 ¢<2exiweatia ded 10-34b 
REMOVE): ¢ ona cecaseexneeoani 10-34a 
Floor panel repair ...........4. 33-10 
Floor panel repair, left front: 
Insert panel and left front 
floor panel installation...... 33-11i 
Left front floor panel and 
insert panel drilling........ 33-11h 


Left front floor panel removal.. 33-11c 
Left front insert panel 


TAD ICAHON v32scvawsPean ne 33-lla 
Metal strip A and insert 

panel assembly............ 33-11d 
Metal strip B and insert 

panel assembly............ 33-1lg 
Metal strip C and insert 

panel assembly............ 33-1le 
Metal strip D and insert 

panel assembly............ 33-11f 
Metal strips fabrication ...... 33-11b 


Floor panel repair, left rear: 
Insert panel and left rear 


floor panel installation...... 33-12! 
Left rear floor panel and 

insert panel drilling........ 33-12k 
Left rear floor panel removal .. 33-12d 
Left rear insert panel 

PAOMICHNON 2 a2: oe tai ace has he 33-12a 
Metal strip C and insert 

panel assembly............ 33-12g 
Metal strip D and insert 

panel assembly............ 33-12h 
Metal strip E and insert 

panel assembly............ 33-12i 
Metal strip F and insert 

panel assembly............ 33-12) 
Metal strips fabrication ...... 33-12c 
Reinforcement strip A and 

insert panel assembly ...... 33-12e 
Reinforcement strip B and 

insert panel assembly ...... 33-12f 
Reinforcement strips 

TAOKICAOMN « ance cx eae coeds 33-12b 


Page 


10-34 
10-34 


10-98.2 
10-60 
10-60 
33-18 
33-36 


33-32 
33-24 


33-19 
33-26 
33-30 
33-28 
33-30 
33-20 
33-64 


33-62 
33-47 


33-40 
33-54 
33-56 
33-58 


33-60 
33-44 


35-00 
33-52 


33-42 


F (Cont'd) 


Floor panel repair, right front: 
Battery tray and right front 
floor panel installation. ..... 
Insert panel and right front 
floor panel installation. ..... 
Metal strip A and insert panel 
assembly ...... 0... eee eee 
Metal strip B and insert panel 
ESSQMIOY 2430s Yee ta Seas 
Metal strip C and insert panel 
assembly ..... 2.00. eee eee 
Metal strips fabrication ...... 
Right front floor panel and 
battery tray drilling........ 
Right front floor panel and 
insert panel drilling........ 
Right front floor panel removal . 
Right front insert panel 
PAT ICAIONN 2. Se 64 aa Sago e8"s 
Floor panel repair, right rear: 
Insert panel and right rear floor 
panel installation.......... 
Metal strip C and insert 
panel assembly............ 
Metal strip D and insert 
panel assembly............ 
Metal strip E and insert 
panel assembly............ 
Metal strips fabrication ...... 
Reinforcement strip A and 
insert panel assembly ...... 
Reinforcement strip B and 
insert panel assembly ...... 
Reinforcement strips 
fabrication... 56 cde even as 
Right rear floor panel removal . 
Right rear floor panel and 
insert panel drilling........ 
Right rear insert panel 
TATICAUION 2 oases cee ees< 
Footman loop and strap: 
INSDCCHON 22 ace adv eeee bans 
[MStaMARON 5-305 9 3.48 2806 ans 
Removal. ...... 0. ccc eee 
F ootwell inner armor, passenger 
side: 
INSPECUOM 2.5.5 2.0K e ev nee es 
IMStAllanlON 4 4.08d¢oedn eed ws 
ReEMVEl:243¢5esnsesds exes 
Footwell outer armor, passenger 
side: 
INSDECUON 2410252 eeesecaess 
IMStaEHON: (3.3 0¢45404-2ee%0 
Removal... .... ccc cece 
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33-84 
33-86 
33-74 
33-76 


33-78 
33-70 


33-80 


33-82 
33-72 


33-68 


33-104 
33-99 
33-101 


33-100 
33-92 


33-97 
33-98 


33-90 
33-94 


33-102 
33-88 


10-22 
10-22 
10-22 


25-30 
25-30 
25-30 


25-28 
25-28 
25-28 


Para 
F (Cont’d) 
Former, A-pillar, assembly: 
[niStallaviOn:. <>: 36's deed xs 10-90b 
Removal............000005- 10-90a 
Forward clutch assembly: 
Assembly... .. 00. c cee eee aes 28-11d 
ClGShING xa2 sitet ale De kee os 28-11b 
Disassembly. osccecddeeeneas 28-lla 
INSPECION waesccew eend ss ea: 28-11c 
Fourth clutch assembly: 
ASSOMDIY s 242305540 a% Zeca se 28-12d 
Cleaning ..........0000008. 28-12b 
Disassembly ............05. 28-12a 
End play measurement....... 28-12e 
IPSDECUON wv 2ee0 cée dees saexs 28-12c 
Frame: 
Maintenance task summary 
(Do) Dea ane arte ee ene ee 24-3 
Maintenance task summary 
(Cc) Pee ee er eee eee 32-3 
Maintenance task summary 
(GME). a2 aaa See aie Hie are BE 9-1 
Frame extension: 
[nstallauiOn so 22 sdxies wees 9-3b 
REMNVAl:: co atechedeehenans 9-3a 
Frame, grille: 
InstallaniGn <25204225220¢50h3 10-16b 
RENE + .c2deeeeeue dese es 10-16a 
Frame inspection and repair: 
General information......... 32-4a 
INSPSCHON sae Gaese waa we va 32-4c 
Powertrain lift sling 
INStANAUIGN 222 axn See d dees 32-4b 
Powertrain lift sling removal .. 32-4f 
Preparation and materials.... 32-4d 
Repair procedures........... 32-4e 
Frame, turret: 
iStallAuiOn: 24 aes yaw aaa Be 25-4b 
REMOVE ccccdcaweks chase te 25-4a 
Front and rear axles maintenance 
task SUMMANY 2244¢c.6cc<n004 6-6 
Front bumper and towing brackets: 
INnStallAaviOn 4.2200 o2% dees es 9-2b 
Real 2.45: «oes xehens so 9-2a 
Front composite light assembly: 
INStallGuiOn 16:30 a<eee sioe%e< 4-53b 
PREITIOVA ici cera oa wee wi 4-53a 
Front composite light lamp: 
INnStallaviOn sa. Se0%.2¥ en dead 4-54b 
Removal... ...... 00 cece eee 4-54a 
Front cover oil seal: 
installation :<262dene een ce xd 15-13b 
Removal... ....... 000 cece 15-13a 
Change 1 


10-26 
10-25 


32-2 
32-4 


323 
32-10 
32-8 
32-8 


25-6 
25-4 


6-12 


9-2 
9-2 


4-90 
4-90 


4-92 
4-92 


15-28 
15-28 
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Para. 
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Front door and hinge: 
Installation.............0.. 11-2b 
REMOWGl..2 24ccndadedacersos 11-2a 

Front fairlead roller bracket 

assembly: 
InstallauiOn 24565.cicecnceess 12-30b 
REMOVEl. 2: ccdcaeadeandased 12-30a 

Front geared hub vent line: 

IniStalll avin vs o's 263.2% 23-240 43 6-16b 
Removal... ... cee ee eee 6-16a 

Front grille screen: 

IniStallawOn 2-3 ois 62.2% ese a 10-15b 
Removal..........0000 eae 10-15a 

Front propeller shaft: 

ASSOMDIY i450 2% 2400 2e44e 95 21-8b 
Disassembly 1.2 s025 0080404 21-8a 
Front propeller shaft assembly: 
ASSEMDIY. occ ee 6-3c 
Cleaning and inspection...... 6-3b 
Disassembly ..........0000- 6-3a 
INSPSCUON seantvertcuecdens 6-2b 
Installation.............0.. 6-2c 
ROMOVEl: + s2ue0 26a s8ee eee zd 6-2a 
Front servo: 
Assembly... .. 0... cece eee 28-15d 
CICAnING + +4265 $<445045 S485 28-15b 
Disassembly ...........0005 28-15a 
INSPEC 24 4.3.0242¢45.24 5% 0% 28-15c 
Front suspension brace: 
Installation. ............0.. 24-6b 
Removal.........0000 ee aeas 24-6a 
Front suspension front cross- 
member: 
Installation................ 24-16b 
REMOVE. .nda0eheueccecaend 24-16a 
Front suspension rear cross- 
member: 
InStallAuiGh's sue caxeeseeae'ss 24-17b 
ROMIOVAl ana. 2ecaw ae ee XA 24-17a 
Front upper control arm brackets, 
left airlift bracket and: 
INStallaviONh 2 cu + es en ee ee as 24-7b 
ROMOVEl. x 2% see tes xaeeinwe ce 24-7a 
Front upper control arm brackets, 
right airlift bracket and: 
Installation.............0.. 24-8b 
REMOVE, -eukecs eee we wake xe 24-8a 

Front wheel toe-in alignment: 

Preliminary inspection....... 8-9a 
Toein adjustment........... 8-9c 
TOGIN QEK wn ee eee eee es 8-9b 
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11-4 
11-4 


12-59 
12-59 


6-42 
6-426 


10-24 
10-24 


21-19 
21-19 


6-7 
6-6 
6-6 
6-2 
6-4 
6-2 


28-57 
28-57 
28-57 
28-57 


24-4 
24-4 


24-24 
24-24 


24-28 
24-26 


24-6 
24-6 


24-8 
24-8 


8-24 
8-28 
8-26 


F (Cont'd) 


Front 10,500 Ib hydraulic winch 
cable replacement (M1113): 
Installation... .........0 ae 
REVOVGl: a saeed cew ada Rae uk 
Front winch: 
Installation acc cueeaaa a cae ws 
REM: acer decenanceaene<s 
Front winch, 10,500 Ib 
hydraulic (M1113): 
Brackets installation......... 
Brackets removal ........... 
Winch installation........... 
Winch removal ............. 
Front winch clutch rod: 
INStallatiOn ¢ i vec we sn eve e dows 
RENOVGl: éy skeet he vee eee es 
Front winch, 10,500 Ib hydraulic 
hose replacement (M1113): 
Installation... ....... cca 
PEINIOVGl: a s:a cara 0 ee ee ae eA 
Front winch, 10,500 Ib hydraulic 
winch controller plug (M1113): 
INStallatiOn 6 ove cd iudewwne as 
REV: o5-40 ances eae eee 
Front winch receptacle bracket: 
Installation... .........0 ee 
REMNOVEl acdc as ea ee eh ale es 
Fuel door: 
IMStAL ATION sas ea ea eee ws 
Removal... ... 0c cc eee eee eee 
Fuel door catch: 
Installation... ..... 0. eee 
REMOVAL oi bck eke e dae eka ews 
Fuel drain-back tube: 
INStallatiON s «a2 .dedaveaaead 
RENOVGls<4 a6 254 5a este ud 
Fuel filler housing: 
IFiSPECUION 2-205 coe 8 ieee eters 
Installation... ......... eee 
REMOVdlis: death as twas es 
F uel filter: 
BICCOING! 42.c0n0neeavuwiay a: 
INnStallatiOW c0a2caudcveadeas 
MENOVGl: 2.44.04 4 cue ss ae es 
Fuel filter drain hose and valve: 
INStallaiON a dasa ewes a daae’s 
REMOVAL. iia cee acka wee ae es 
Fuel filter element: 
Cleaning and inspection...... 
Element installation......... 
Element removal............ 
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12-56.2 


12-54 
12-52 


12-54.4 
12-54.4 
12-54.4 
12-54.2 


12-60 
12-60 


12-60.4 
12-60.2 


12-62.5 
12-62 


12-61 
12-61 


10-5 
10-5 


10-6 
10-6 


3-76 
3-76 


10-4 
10-4 
10-3 


3-65 
3-64 
3-64 


3-68 
3-68 


3-66 
3-67 
3-66 


Para 
F (Cont'd) 
Fuel injection lines: 
BIGCOING <2 sae2 eee oe-3 6% 16-4d 
INSPECTION... eee 16-4b 
LMSEAl GUI waa ax ek we ee Ree ate 16-4c 
REMOVal osx edb ewda aurea 16-4a 
Fuel injection lines bracket, left: 
Installation... ..........005 3-41b 
REMOVE: 3-3 <2de0a seed sa ce as 3-41la 
Fuel injection lines bracket, right: 
IStalllQtiON 2s. «tase ead 2a % 3-40b 
Removal... ... 0... cece ee eee 3-40a 
Fuel injection nozzle: 
Installation. ............008 16-3b 
Removal... .... 0... c eee eee 16-3a 
Fuel injection pump: 
Installation... .........0008 16-6c 
REMGVal.. 62a cu eeeecredvenc 16-6a 
ReOdIN yi2e%s0 ton402eo¢e08 16-6b 
Fuel injection pump boot: 
INStallatiol <s04%424% 426404 3-23b 
Removal. .......000c ee eee 3-23a 
Fuel injection pump cold-advance 
solenoid: 
INSDSCUON oo cans otis eeu ee ee 16-9b 
LStallatiOW 240 ce ceedeuaesde 16-9c 
RENVali<c casas £485 4040084 16-9a 
Fuel injection pump cover: 
INStallatiON <9 24% ca seed ea ee us 16-7b 
Removal... . 2... ccc eee eee 16-7a 
Fuel injection pump return hose 
check valve: 
Cleaning and inspection ..... 3-36b 
LStallatiOn x iu.cn es ea da wees 3-36c 
RENOVGl: «a0 0508429040040 34 3-36a 
Fuel injection pump shutoff 
solenoid: 
IMNSPECtION . 6. ee 16-8b 
LNSEAl GUI wacag «ati ae Ree ae 16-8c 
REMOVdl) one ened deaenaw aes 16-8a 
Fuel injection return hoses: 
Fuel drain-back hose 
iNStAllAtiON . s.044s6% 34.0% es 3-37b 
Fuel drain-back hose removal . 3-37a 
Nozzle cap installation....... 3-37h 
Nozzle cap removal.......... 3-379 
N ozzle-to-nozzle hose 
installation ............00. 3-37f 


Nozzle-to-nozzle hose removal . 3-37e 
Tube-to-nozzle hose installation 3-37d 
Tube-to-nozzle hose removal... 3-37c 
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Para. 
F (Cont’d) 
Fuel level sending unit: 
Distal AMON 123%. e% da hs a os 4-32b 
Removal..........000 eee 4-32a 
Fuel pickup and return lines, 
auxiliary: 
LHStal GROW we ae teas ee wee BE 3-27b 
ReEMOVal? cc esectacdackene cd 3-27a 
Fuel pressure transducer: 
InStallatiOn) 425 c<cea0ekenedd 4-30b 
REMOVE 2:6esesseeur desea 4-30a 
Fuel pump: 
Installation.............05. 3-24b 
ROMOVdle ss45 6 ese eae ade os 3-24a 
Fuel pump vent lines, air intake and: 
Installation.............00- 3-21b 
Removal. ........0000 ee eee 3-21la 
Fuel system: 
Maintenance task summary 
(DS) sees ba eeee teeta 16-2 
Maintenance task summary 
(UEC) aot ee cris cds ee eee wk 3-11 
Fuel system bleeding, vehicular 
NEALE concede eereuee dena ee 12-14 
Fuel system operation.......... 1-19 
Fuel system tests............0. 2-28 
Fuel tank and shield: 
Assembly... .. 0.00 cee eae 3-25e 
Cleaning and inspection...... 3-25d 
Disassembly ...........005. 3-25c 
DramniiGhes snsiee ee teedsees4 3-25a 
Installation.............005 3-25f 
REMNWaly scones cheer dese ws 3-25b 
Fuel tank filler cap and spout: 
INSPECKION 6. eee eee 3-29b 
NiStallatiIONwaseceueedd ose 3-29¢ 
REMNWali es 2nvcideiantace ss 3-29a 
Fuel tank filler spout vent line: 
Installation................ 3-30b 
REMWAlosutcseicedaun aeons 3-30a 
Fuel tank hangers: 
Installation.............00. 3-32b 
REMWal: siecset dada ge cews 3-32a 
Fuel tank supply and return lines: 
Installation.............05. 3-26b 
REMWalesc. 2cechdeecugawens 3-26a 
Fuel tank vent line and filter: 
Installation.............05. 3-28b 
REMNWGl a.oessasheeneseens 3-28a 
Fuel tank vent stack tube: 
Installation.............00. 12-42b 
BOVOVdls oseesen ee peed see e3 12-42a 
Change 1 
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Para. Page Para. Page 
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Gauge, air restriction: Mandatory replacement parts .. 1-8 1-2 
Installation.............0.. 3-17b 3-32 Metricsystem.........0005. 1-7 1-2 
RONOVGl.<scasavaceusgesend 3-17a 3-32 Preparation for storage and 

Gauge, electrical: SHIPMAN acta eae eee ve 1-4 1-1 
Installation... .........000, 4-166 434 Reporting Equipment I mprove- 

Removal. ........ccccceceeee 4-16a 4-34 ment Recommendations (EIR) 1-5 1-1 

Geared hub: SOS OF MANUED: sw aciacalea vata a4 ict del 
RESON oi.04abnHadoweudsss 21-6d 21-14 General instructions, preparation 
CIEAMING <sa veces eeabeae es 21-6b 21-12 for stowage and shipment: 

Disassembly ............0.. 21-6a 21-10 Administrative storage....... 13-2 13-1 

Inspection ....... eee eee 21-6c 21-12 CIGANING 2 sae iwivesds eree ey 13-6 13-2 

Installation:.2i.¢eiveiseaees 6-9b 6-24 General storage and shipping 

Removal. ......cecceeceeees 6-9a 6-22 information ............00: 13-5 13-2 

Geared hub input seal: Inspections, stowage, and 
Installation ............005. 6-10b 6-28 INVENEOLY «we eee eee ee 13-7 13-2 
Removal Pree eee ena ae 6- 10a 6-28 L U bri cati OWN end ahiccten cae ah ae ee, het aoa 13-9 13-3 

Geared hub side cover: Records and reports ......... 13-10 13-3 
Cleaning and inspection...... 68b 620 Repair, painting, and 
lnstallatiONz.«<e2dex<eudeens 6-8c 6-20 preservation. ............0, 13-8 13-3 
Removal........eceeeeeees 68a 6-20 SCOPE. eee 13-1 13-1 

Geared hub spindle bearing SOY ie 3 cane ar cores 133 131 

adjustment ............e0e0- 6-12 635 Special packaging and shipping 

Geared hub spindle seal: Requirements: sear eal eee, a — 
lristal GION sc.c.c coxa exes 6-11b 6-32 General maintenance instructions 
RGA. . cof cuc costo tos. 6-lla 6-30 task Ssummary.............- 2-13 2-30 

Géared hub venting trone Generating and protective control 
inetaltation:c..«-. sda tte aioe 6-16b 6-42 box system maintenance task 
Removal.........s00eeeeees 6-16a 642 SUMMMNEE  etansian abd Cue Bae oe 

Geared hub vent line, rear: Generating system operation .... 1-22 1-29 
Installation................ 6-15b 6-40 Glossary of abbreviations and 
Removal............... 2. 6154 6-40 commonly used terms......... 2-21 2-42 

Gear, steering: Glow plug: 

Installation................ 3-20b 3.58 IMSEAIAHION a5 ac. see wwe 2s ak # 3-39b 3-78 

Removal............... 2... 3.70a 3.56 REMOVAL ind kk oe hers 3-39a 3-78 

Gear unit and output assemblies: Glow plug circuit tests.......... 2-3] 2-289 
Assembly (1995) ...........- 28-8d 28-30 Glow plug controller: 

Assembly (1996-1998)........ 28-8d.1  28-30.2 Installation .......... 6.0.8, 4-335 458 

CIEANIAG oss xerasecet a ot ade oe 28-86 28-28 Removal...... 0... .ee eens 4-33a 458 

Disassembly (1995).......... 28-8a 28-26 Glow plug tip removal 

Disassembly (1996-1998) ..... 28-8a.1 28-26.2 (damaged or broken).......... 15-22 15-40 

Inspection ............0008e 28-8c 28-28 Grille and screen, hood: 

General engine maintenance MnStallatiOn 22:2 :aeeees meee 10-176 =. 10-27 

task summary...........0005 15-2 15-1 REMOVAl. xccccmrcdeceweae te 10-T7a 10-27 

General information, introduction: Grille frame: 

Break-in procedures......... 1-9 1-2 Installation................ 10-165 10-26 

Destruction of Army equipment BONO» Gedadse etd daca ag 10-16a =-10-25 
to prevent enemy use....... 1-3 1-1 Grille screen, front: 

Equipment I mprovement Report ISAM ANIOM: ..4:4 xt ed dsm d's ated 10-15b =: 10-24 
and Maintenance Digest REMOVE sci eaed donee baw 10-15a_ = 10-24 
(EIR MD) viet eacweeanaae de 1-6 1-1 

Maintenance forms, records, 

@Nd FEDOS sss eh eda ees eae 1-2 1-1 
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Para. 
G (Cont'd) 
Grommet, service headlight and 
blackout drive light electrical 
connector and: 
[NStallAviON « s09 as ake eee eae 4-65b 
RENWVali «cou odd ceeeece eas 4-65a 
Ground strap, antenna: 
INStallAtiON ia 0404 eed eee eas 12-20b 
REMOVEli sea 3 64 eae de eas 12-20a 
Guards, brake protection: 
Installation... .........0008 7-11b 
REMOVAL. 660254 dea dee ewe ews 7-1la 
Gunner's sling and hook: 
Installation... .........0008 11-56b 
REMOVelis 3534s en need ee ees 11-56a 
Gunner’s platform, stowage 
pedestal and: 
IFSDACIOM «ieee we eeae bees 11-71a.1 
Installation... .........0008 11-71b 
REMOVGl: «ca due canes ee cea. 11-71la 
H 
H alfshaft: 
ASSEMDIY. 6. cee ee 6-7d 
Cleaning and inspection...... 6-7C 
Disassembly ..........0000- 6-7b 
INStallatiOWi 3-4 « ¥a.e be o's 86 a.0 6-7e 
REMOVAL: donee aoe sae ecws 6-7a 
Handle assembly, door: 
INnStallatiOWl é<ws.424%e08 Seas 10-19c 
REMOVl iia ces anew eves be cas 10-19a 
ReGeMl s2cn8eeesee honuetohn 10-19b 
Handle, door: 
INstallatiOhs..1s¢420esee¥ ews 11-5b 
REMOVElrs.404 0.24 coed oe ees 11-5a 
Hand throttle control cable and 
bracket: 
Installation... ..........005 3-46b 
ReNOValin ou ede. oeaeee Rhea 3-46a 
Hanger, muffler: 
lAstallatiOn 24x442%065644042 3-59b 
REMOVAli.: cisan veOesh ae eee ye 3-59a 
Hangers, fuel tank: 
InStallatiOM asada e Gana eau 3-32b 
REMNOVali:su ai so ee'ene rhea 3-32a 
Hanger, tailpipe: 
lAStallatiON 22c3¢ 22004 sbeeune 3-53b 
PeMOVGl: «Ps 'xace oo bisu ae Be ee 3-53a 
Hatch assembly components, turret: 
Hatch support rod clip 
INStall lAUON :.25 620% ex neews 11-61g 
Hatch support rod clip removal 11-61d 
Pivot luginstallation ........ 11-61i 
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11-109 
11-109 


11-132 
11-132 
11-132 


10-32 
10-30 
10-30 


11-12 
11-12 


11-118 
11-117 
11-118 


Para 
H (Cont'd) 
Pivot lugremoval........... 11-61b 
Pivot rod installation ........ 11-61) 
Pivot rod removal ........... 11-6la 
Protective bumper installation. 11-61f 
Protective bumper removal.... 11-6le 
Strap fastener loop installation 11-61h 
Strap fastener loop removal... 11-61c 
Hatch pivot base, turret: 
Installation.............05- 11-59b 
Removal. ........000e eee eee 11-59a 
H eader: 
Kgcicced(s |e ane ee rer 25-5b 
LNStANAUIONS ¢¢coe cu ce Bo veed 25-5c 
REMNWal:. 2 c-.bnechaseeetahnt 25-5a 
Headlight assembly, service: 
NStallaniONg.ns 2h esdienu-age ex 4-50b 
Removal: «<i we hae ee es oes 4-50a 
Headlight beam selector switch and 
bracket: 
PSC al lAtOW wn ace Se ate wae 2A 4-59b 
REMOVE. é.60% ade eae cadena 4-59a 
Headlight housing: 
INnStallatiOn: <sciduneeea ce ed 10-18b 
ReEMOVal..¢ cand Gedenccncgess 10-18a 
Headlight lamp, service: 
Adjustment .............00. 4-49c 
Installation.............05. 4-49b 
Removal. ........000 cece eee 4-49a 
Headphone mounting bracket: 
[nStallatiOn 3 <s.0cenk owaxeted 12-19b 
REMNOVal. eck dccdas cakes end 12-19a 
Heater assembly: 
LStallauiOn ves 2s eee o45. 5% os 10-76b 
Reval: 200 i626 424eaveee854 10-76a 
Heater assembly, engine/crew 
compartment: 
PMStaALAHON: wi anx wea e ae tare et 12-10b 
Removal... ...... 00 cece ees 12-10a 
H eater boot: 
InstallatiOn; «2edexne eee ewe 10-85b 
ReMWal¢ ictuethancnaeneed 10-85a 
Heater circuit breaker, engine/crew 
compartment: 
Installation... ... 0... cee 12-12b 
Removal. ........0000 eee 12-12a 
H eater control: 
InStallatiOn s < 2000 en ee ee eed 10-78b 
REMOValee i605 6Kd08 bonds aed 10-78a 
Heater control cable and shutoff 
valve adjustment............. 10-79 
Heater controller, engine/crew 
compartment: 
IMiStAllGUIOW, 22:4. .04 ad .¢ @ ada «bd 12-13b 
REVOValy 6 cnh oto h cde Bere Le 12-13a 
Change 1 
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12-23 
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Para. 
H (Cont'd) 
Heater deflector: 
INStallatiOW ice d4.404 bed e awn 10-87b 
REMOVdl. cvadie eevicedceewne 10-87a 
Heater ducting: 
InstallatiOl <<o6 6424% 008 2235 10-80b 
REMNOValiic sas de 4 heen te eveus 10-80a 
Heater exhaust muffler, engine/crew 
compartment: 
[nStallation . 1. sacs ecawevas 12-3b 
Removal... ... 00. c eee eee 12-3a 
Heater exhaust pipe, engine/crew 
compartment: 
Installation... .........0008 12-4b 
Removal... . 2.0... cece eee eee 12-4a 
Heater fan motor resistor assembly: 
Installation «<o:23 de ae eae ecax 10-75b 
Removal... ... 0.0.0 eee eee 10-75a 
Heater fan switch: 
Installation... .........0008 10-73b 
REMOVGl: «4s see win eee ce eas 10-73a 
Heater fuel lines, engine/crew 
compartment: 
Heater fuel line installation... 12-8b 
Heater fuel lineremoval...... 12-8a 
Tank fuel line and supply 
tube installation........... 12-8d 
Tank fuel line and supply 
tube removal ............. 12-8c 
Heater fuel pump, engine/crew 
compartment: 
Installation... .........0008 12-9b 
REMOVal:. «64 cad s.a Kae ee ews « 12-9a 
Heater fuel system bleeding, 
engine/crew compartment...... 12-14 
Heater harness, engine/crew 
compartment: 
Installation <<4%.%<24% vs ¥eeax 12-11b 
Removal... ... 0.00 eee eee 12-1la 
Heater heat shield, engine/crew 
compartment: 
[Stall QtiOn «casas cece we dys 12-2b 
REMOVal. so iiaw oven eta eres d 12-2a 
Heater hose: 
Installation... ..........0005 10-88b 
RENOVaL: « aoa d Ge Sean ewe 10-88a 
Heater inlet pipe, engine/ 
crew compartment: 
Installation. ............008 12-4.1b 
Removal... ... 0.0.0 eee eee 12-4.1a 


INDEX 24 Change 1 


INDEX (Cont'd) 


Page 


Para. 
H (Cont'd) 
Heater outlet hose assembly, 
engine/crew compartment: 
Installation... .........0 ee 12-66 
REMOV Gl: 23 wna @biidn fa karewa 12-6a 
Heater outlet/inlet piping: 
INSDECUGY s44 od bea te cee ees 10-71b 
InstallatiOW «2064 cideeaaead 10-71c 
MEOVdle + seas aoe sarees BA 10-71la 
Heater circulating pump, 
engine/crew compartment: 
Installation... ....... 0a 12-7b 
REMNOVl: 24ac xb haven ea hae ke 12-7a 
Heater lower hose assembly, 
engine/crew compartment: 
Installation... ....... 0c. ee 12-56 
REMNOV lt cobceceenecunaedd 12-5a 
Heater shutoff valve: 
Installation... ... 0... 0. eee 10-72b 
REMOVal. cic tate eee eas 10-72a 
Heat shield, rear: 
INStANALION ccc e ca cddceeae ads 3-52b 
RENOVdl ove <n oseticttane se 3-52a 
Heat shield, right exhaust manifold: 
IMStaWAHON 00% od ae aeeee 04 3-56b 
REC yale kaas ocala sea oe 3-56a 
Heat shield, right rear: 
DStal GLOW ws ea eetge ee eun ad 3-58b 
Removal. ....... 000 cee e eee 3-58a 
High-beam lamp: 
INStAllatiON s: «a2 %avsav wa wea 4-22b 
RENOVA tccekecaundcuaaedd 4-22a 
Hinge, front door and: 
Installation... .........0 ee 11-2b 
REMOVal. occa tae e a eee es 11-2a 
Hinge, hood and: 
AIIQNIMENE. «2s seh c2eeeese di 10-9c 
INStallatiOn sce cause deuaeda 10-9b 
REMOVdl..c cies detekccee seas 10-9a 
Hinge mount, body: 
Installation... ... 0... cee 10-54b 
RENOVGl so 25e on based ease 10-54a 
Hinge, rear door and: 
Installation... ....... 0. 11-2.1b 
PEIIOV Ol. gate eae seek ia exe 11-2.1la 
Hinge, soft top door: 
Installation ioc. caceaeewaens 10-91b 
REMOV Gl: oe be bn Sas canned 10-91a 
Hinge, tailgate upper: 
Installation. ..s sacs. ween eas 10-39b 
Removal........ 000 0c eevee 10-39a 


Page 


12-8 
12-8 


10-122 
10-122 
10-122 


12-10 
12-10 


12-6 
12-6 


10-124 
10-124 


3-97 
3-97 


3-102 
3-102 


3-106 
3-106 


4-45 
4-45 


11-4 
11-4 


10-18 
10-16 
10-14 


10-89 
10-89 


11-4.2 
11-4.2 


10-153 
10-153 


10-68 
10-67 


H (Cont'd) 


Holddown, battery: 
Installation... .........0008 
REMOVal,. s cau aa eweadaebe wns 
Holddown strike, engine access 
cover flexible latch and: 
INStallatiOh.« 2 4eesewed ee eas 
ReMOVEl os n<6 634s ese caw 
Hood and hinge: 
Alignment ............0000. 
[NStallQtiOn «2424 sae eae e aan 
Removal... ... 0.0. c cee eee 
Hood grille and screen: 
[nstallatiGh«:.a24 ween dhe eeu 
ReEMOVGl = 30 456¢40e6 ch ddawe 
Hood jumper wiring harness: 
Installation... .........0008 
REMOVAl i ici cad avea ca waen s 
Hood latch: 
ASSEMDIYs«cucenekeex eed odS 
DiSaSSeMbly: s.cc4cc28220sexa- 
INStallatiOW i 40s4acécdaveass 


Hood latch bracket: 
INStaNAUION ésa0-s<0 4% ea Peead 
REMOVelis 054548 eee bee esas 
Hood latch tapping plate: 
[NStallQtiOh« i00%a¥see% eae 
Removal... ... 0... c eee eee 
Hood prop rod and bracket: 
ASSEMDIY sowed e¥e See ews 
DiSaSSOEMDIY 2a: cavdeeereres 
INSPECION «42024 vaeesee eres 
LNStallAUiOW «Ga 4 «aes 64 aa eas 
REMOVAl: asa o<6k nS es Gee eels 
Hood seal, outer: 
Installation... .........0008 
Removal... ... 0.0.0 eee eee 
Hood stop, center: 
LnStallatiOnl ai aia wie ance Ve eee 
REMOVal. a bcntua ceebacenas 
Hood stop guide, center: 
INStallatin s.44¢ 2250508 e548 
REMOVal: «+ 4450:0642 4% sn2K2'8 
Hood stop, side: 
Installation... .........000. 
REMOVGli 20a sue ke Paw cen OE e 
Horn: 
INStalAtION iva 00 ee Sew aw deans 
REMOVal. «cas ae uweteeweeeen 
Horn control brush: 
Installation... .........0008 
Removal... . 2.0.0.0 eee eee 
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Para. 
H (Cont'd) 
Horn mounting bracket: 
Installation... ... 0... eee 4-27b 
ReMOVal: ov tc ateaus oeeanens 4-27a 
Horn switch: 
InstallatiON acc ead eae eva x 4-24b 
REOVdl: o.2 25 ae 208 84.25 6 be 4-24a 
Hose, air restriction gauge: 
PNStallatiON weak sek eta cae es 3-20b 
Removal. .... 2.0.00 cea 3-20a 
Hose, filler spout: 
INSCANATION bc kc tava week ead 3-31b 
REMNCVdl:.c cade Shams ceeeens 3-3la 
Hose, fuel filter drain and valve: 
INStallatiOW ii nécacsceecaneds 3-35b 
RONOVales. eas eee eilerdase oe 3-35a 
Hose, 10,500 Ib hydraulic 
winch (M1113): 
Installation... .........0 ee 12-31.1b 
Removal... ... 0c. c eee eee eee 12-31.1la 
Hose, 10,500 Ib rear hydraulic 
winch (M1114): 
INnStallatiOn s% c<vwwew ews ce nt 12-36.4b 
RONOVGh: 602% 455 655.594 240 84 12-36.4a 
Hose, overflow, surge tank: 
INStallatiOW x as saevae eea% «5 3-75b 
Removal.........00 cece e eae 3-75a 
Hose, power steering hydraulic 
system pressure and return: 
[NStallatiOn ocak aaa nian ca eds 8-24b 
REMOVE. occ ccd ceeeewae nd 8-24a 
Hose, radiator inlet: 
INStallatiON 23. cHcsacuwaead 3-70b 
PeMOv alec xbas cor lees oe ee 3-70a 
Hose, radiator, lower: 
Installation... .......0 cae 3-72b 
REMOVE sci aa tare ba ed aiecaes 3-72a 
Hoses, return, fuel injection: 
Fuel drain-back hose 
installation... .........0005 3-37b 
Fuel drain-back hose removal . 3-37a 
Nozzle cap installation....... 3-37h 
Nozzle cap removal.......... 3-379 
Nozzle-to-nozzle hose 
INStallauiOn. «4.2% 2sGedvaaa% 3-37f 
Nozzle-to-nozzle hose removal . 3-37e 


Tube-to-nozzle hose installation 3-37d 


Tube-to-nozzle hose removal... 3-37c 
Hose, surge tank-to-lower 
radiator tube: 
Installation... .......000 ae 3-74b 
PRENTIOW GN oii desd are eee eet wn cae 3-74a 
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Para. 
H (Cont'd) 
Hoses, windshield washer: 
[nStall QtiOW é-< 049 a0ea 2260 a0 10-65b 
Removal. ..... 0.0000 e ee eee 10-65a 
Hose, thermostat bypass: 
Installation... .........0008 3-68b 
RemOVGli+ staees.asdn dense se 3-68a 
Hose, vent, surge tank-to-radiator: 
(Stall BUiON wx: 2a ate ew eeae 3-66b 
RENOVAal. «se 6hd mesa eases 3-67a 
Hose, vent, surge tank-to-water 
crossover: 
InStellatiOhs. os a1eee ewe eas 3-67b 
Removal. ........000 cece eee 3-67a 
Hose, water pump inlet: 
Installation... .........0008 3-73b 
Removal. ........000 eee 3-73a 
Housing, fuel filter: 
INSpectiON ..... 0... cee eee 10-2b 
Installation... ..........005 10-2c 
REMOVGl: «ou ya Savi Gere tead 10-2a 
Housing, headlight: 
Installation... .........0008 10-18b 
Removal... . 2.0.00 eee ee eee 10-18a 
Housing, wastegate: 
Installation... ..........005 15-18b 
REMOVE. 48 uve iis ceeded 15-18a 
How tousethis manual ........ 
How to use this troubleshooting 
QUIDS sacx~oxu te eth tisk emake ck 2-20 
Hub, geared: 
ASSOMDIY «+4522 662a% vis Se08 21-6d 
CICAMING a2 4. 352 Sa Ged ke Sia 21-6b 
DiISASSEMBIY 2924 see eeea ees 21-6a 
INSPCION 626 ode ee heaee ees 21-6c 
Installation ¢co% 222% e4e4%4% 6-9b 
ReMN0Vali2.345554 4000844 caw 6-9a 
Hydraulic system pressure and 
return hose, power steering: 
Installation... ..........008 8-24b 
Removal... ... 0.00 eee ee eee 8-24a 
Hydraulic valve lifter: 
InstallatiON i 2a deed ew euas 15-9b 
ReMOValiaa ctune dawn coh Hee ed 15-9a 
H ydro-booster: 
INStall@tiON ios on saea eee vas 7-6b 
Removal... ... 0.0 cece ee eee 7-6a 
Hydro-boost vent line: 
[NStallQtiOh «<4:2 tase eevee ea 12-45b 
Removal... . 2... ccc eee eee 12-45a 
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10-110 
10-110 


3-123 
3-123 


3-121 
3-121 


3-122 
3-122 


3-129 
3-129 


10-4 
10-4 
10-3 


10-28 
10-28 


15-35 
15-35 
vii 


2-36 


21-14 
21-12 
21-10 
21-12 
6-24 
6-22 


8-66 
8-66 


15-18 
15-18 


7-16 
7-16 


12-80 
12-80 


Para 
| 
Idler arm: 
INSPSCUON 22 ns dckdew anes sad 8-17c 
INSLAIATION 6 « vce wewn oe Gidea 8-17b 
ROMO alte cece cans been bes 8-17a 
Idler pulleys, and mounting 
hardware, tensioner: 
Installation... ....... 0. ee 3-82b 
REM OVale onan coder eins fees 3-82a 


Idle speed adjustment, engine ... 3-45 
Illustrated list of manufactured 

items: appendix D............ 
Injection lines, fuel: 


Bleeding ........0. cece ees 16-4d 

INSPECtION . 6. eee eee 16-4b 

[StallatiOn js..6ecaa ee ea ale 16-4c 

Removal.........00c cee eee 16-4a 
Injection nozzle, fuel: 

LASLOI ARON iz o ene ee ews 16-3b 

RENCVdlccccceteador ees cad 16-3a 
Injection pump cover, fue: 

INStAN AION dé cduaeceeneds 16-7b 

MEMNOVle ene wins See eee kes 16-7a 
Injection pump, fuel: 

lAStaIANON : caekdevewe beens 16-6c 

REMOVal.. i048 ced aewa we ws 16-6a 

Repair... cece eee 16-6b 
Inner armor, driver’s footwell: 

Inspection ........ 0c eee eee 11-41a.1 

INSCA ATION ¢c vie teen ee nd roa’ 11-41b 

RENOVGl: 9.28 16s hen Seattan ss 11-41a 
Inner rim stud: 

Cleaning and inspection...... 8-7b 

Installation... .........0 0 8-7C 

PREMOVGl: oxic nae Re we edae 8-7a 
Inside protection plate, left side 

rocker panel armor and: 

INSDSCUON 2c vsrtekdew baad 4 11-34b 

LAStAIALION 22s <a ve sea sees 11-34c 

REMOWAl soi bee cdeeeaa ees 11-34a 
Inside protection plate, right side 

rocker panel armor and: 

INSPECKION .. eee eee 11-35b 

lAStONBION 2 «24 odedeweceens 11-35c 

RENWali««taccaae sar evdiess 11-35a 
Inspection: 

General maintenance........ 2-15 
Instrument cluster: 

Installation... .........0 ae 4-14b 

REMOVAL. icc wie enews 4-14a 


11-84 
11-84 


Para. 
| (Cont'd) 

Instrument cluster light: 

Lamp installation. <2 <22¢%a. 4-19b 

Lamp removal.............. 4-19a 

Light assembly installation ... 4-19d 

Light assembly removal ...... 4-19¢c 
Instrument panel: 

Installation... .........0005 4-15b 

REMOVali« 2236004 eeew eas cas 4-15a 
Instruments, sending units, 

switches, and horn maintenance 
task Summary...........005: 4-13 

Instrument tests ...........00. 2-38 
Insulation, left front cowl: 

INStallatiOh2 6 a4 4 2@eoaw ee as 10-31b 

FREIMOV Gl sae aires aera bre a a 10-31a 
Insulation, left outer cowl: 

Installation. ............008 10-30b 

Removal..... 0... cece eee 10-30a 
Insulation, left side interior: 

Installation... .........0008 25-37b 

Removal... ... 0... e eee 25-37a 
Insulation pane: 

[StallaliOn <<< ve22% eeedead 11-30b 

REMNOValic sos ce ee ves 456% as 11-30a 
Insulation, rear seat floor: 

LHSEAl SHIN ext we ties own Bae 10-34b 

Removal...... 0... cece eee 10-34a 
Insulation, right front cowl: 

Installation. ............005 10-32b 

REMOVal: 6.0% cneteaedcic eens 10-32a 
Insulation, tunnel interior side: 

Installation. ............008 10-33b 

Removal... ..... 0. cece eee 10-33a 
Insulator, engine mount and: 

ASSEMDIY 2 ces exh ch ebSe eho 15-3c 

Disassembly ...... 2.0.00 ee 15-3b 

[AStallatiOW 24022 «2e5ed deus 15-3d 

Removal... ... 0.0.00 eee eee 15-3a 
Insulator, tail pipe: 

IMStallaliOn 222% #«.24% 2e04eR38 3-54b 

RQ. og cs cc dan eed ead ees 3-54a 
| ntake crossover: 

[NStal lati «i44¢4% an ee eee ae 15-20b 

Removal... ... 0.00 eee eee 15-20a 
Intake manifold, left: 

Installation... ..........0008 15-16b 

REMOVdl.2-3cccd0-ee eedue wars 15-16a 
Intake manifold, right: 

Installation... .........0005 15-17b 

FREIMIOVAl ei ice: ieee Wee cae ae 15-17a 
Intercom and brackets: 

LAStAIAUION 24:c oud eee ye ereend 11-63b 

Removal... ..... 0. cece eee 11-63a 
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4-40 
4-40 
4-41 
4-41 


4-32 
4-32 


4-29 
2-305 


10-56 
10-56 


10-55 
10-55 


25-116 
25-116 


11-54 
11-54 


10-60 
10-60 


10-58 
10-58 


10-59 
10-59 


15-4 
15-4 
15-6 
15-2 


2-0 
3-99 


15-37 
15-37 


15-32 
15-32 


15-34 
15-34 


11-122 
11-122 


Para. 
| (Cont'd) 
Interior components, location 
and description of major....... 1-12 
Intermediate body mount bracket, 
left: 
Install lAWON ax ¢2 vee eS Bees 32-7b 
ROMA: «a052 awe 08405 00% 32-7a 
Intermediate body mount bracket, 
right: 
Installation................ 32-6b 
REMOVE. « xserearess Peek ns 32-6a 
Intermediate clutch assembly and 
front band: 
INSPECHON x 0-20 aw de aed 28-14 
Intermediate steering shaft: 
Installation................ 8-19b 
Removal... ..... 0. cece eee 8-19a 
Intermediate steering shaft close-off 
and retainer: 
iInstallaviOn 2452622202454 8-22b 
REMValen.2<senueeceecaeat 8-22a 
J 
J ack retaining strap: 
[NnStallaniOn: cx «i s62080e5 4% ac 10-9.1b 
ROW ales cid wea Pele aes oe oe 10-9.1la 
J acking instructions: 
Lowering corner of vehicle.... 8-2b 
Lowering entire vehicle ...... 8-2h 
Lowering front of vehicle ..... 8-2d 
Lowering rear of vehicle...... 8-2f 
Raising corner of vehicle...... 8-2a 
Raising entire vehicle........ 8-2g 
Raising front of vehicle....... 8-2C 
Raising rear of vehicle ....... 8-2e 
K 
Kits, task Summary, special 
DUNOCS 21.0 sGeceeeie Bane ese 26-2 
L 
Lamp assembly, transfer case 
indicator: 
InstallauiOns <2: kavs2wecae ad 4-40b 
REMNWGl.ccidstuk Bataan te 4-40a 
Lamp assembly, transmission 
indicator: 
IniStallaviOn 2. vic oe 2 exe See 26 4-41b 
RONiWalnc see eae se4.5628 0 Sa 4-4la 
Lamp, blackout drive light: 
riStallAuiOn «4 ais vaaede cae de 4-52b 
Removal... ...... 000 eee eee 4-52a 
Change 1 


10-18.1 
10-18.1 


8-2 
8-4 
8-2 
8-4 
8-2 
8-4 
8-2 
8-4 


26-1 


4-67 
4-67 


4-68 
4-68 


4-88 
4-88 
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Lamp, brake warning: 
Installation... ..........005 
Removal... ... 0.00 eee eee 

Lamp, directional signal control 

indicator: 
InStallatiOhceasyascawse we a's 
ReMOVGl. «su dseaee2 oe24e a 

Lamp, front composite light: 
Installation... .........0008 
ReMOV Gli: oxdoa payee eee ee 

Lamp, high-beam: 

Installation ¢<0% s<24%vheeeas 
Removal... . 2.0.00 eee ee eee 

Lamp, rear composite light: 
Installation... ..........005 
Removal... ... 0.00 c eee eee 

Lamp, service headlight: 
Adjustment................ 
Installation... .........0005 
REMOVl «48 bus axa cet beens 

Lamp, wait-to-start: 

Installation. ............005 
Removal... . 2... cece eee eee 

Latch adjustment, door: 

Exterior handle adjustment . . . 
Interior handle adjustment ... 
Locking rod adjustment ...... 

Latch bracket, hood: 

[NStallAtiGhy va02%.4% «eee ee ae 
REMOVAl: 0.06 G0 eda cdeusareeda 

Latch cover, door: 

Installation... .........0008 
REMOVGlis oe044 dave edds ee b4 
Latch, door: 
INSDECUON c2.2002deeeee eoees 
Installation... .........0008 
Removal. ... 2... ccc eee eee 
Left airlift bracket and front 
upper control arm brackets: 
Installation... ..........0005 
REMOVal: « siuau-s av hee oe ee 

Left cylinder head: 

Installation... .........0005 
Removal... . 2... cece ee eee 
ROO sue ou see eee een eee 

Left defroster nozzle: 

[NStallaAtiON asa tua ewe ee bees 
REMOVE: 0 52h deatw os aauae nd 

Left engine mount bracket: 
Installation... ..........005 
PEMOV Gli «sa sa'ee een a ecae eed 
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4-44 
4-44, 


4-103 
4-103 


4-92 
4-92 


4-45 
4-45 


4-93 
4-93 


4-83 
4-82 
4-82 


4-42 
4-42 


11-18 
11-18 
11-18 


10-10 
10-9 


11-13 
11-13 


11-10 
11-10 
11-10 


24-6 
24-6 


15-10 
15-8 
15-8 


10-144 
10-144 


24-12 
24-12 


Para 
L (Cont'd) 
Left front cowl insulation: 
lristallatiOn <0 «ce<es ee evans 10-31b 
Removal........2.00e eee 10-31la 


Left front floor pane! repair: 
Insert panel and left front 
floor panel installation...... 33-11i 
Left front floor panel and 
insert panel drilling........ 
Left front floor panel removal... 33-11c 
Left front insert panel 
TAN VAL ON tb enh x Gade ws 33-lla 
Metal strip A and insert 


panel assembly............ 33-11d 
Metal strip B and insert 
panel assembly............ 33-1lg 
Metal strip C and insert 
panel assembly............ 33-1le 
Metal strip D and insert 
panel assembly............ 33-11f 
Metal strips fabrication ...... 33-11b 
Left front underbody armor: 
INSPECtION ... eee eee 11-36b 
InStallatiOn xi: ssacidaaad eau 11-36c 
ROVOVas cecnsewe rinses ees 11-36a 
Left front underbody armor: 
New driver’s side footwell inner 
armor installation ......... 11-36.1b 
New driver’s side footwell outer 
armor installation ......... 11-36.1la 
N ew front underbody armor 
Stal LAW ON x asc goede as 11-36.1¢ 
Left fuel injection lines bracket: 
DStaM GOW wn ance Kees Rae wk 3-41b 
ReEMOVal.c cic cee ewc aces ees 3-4la 
Left intake manifold: 
INStANAUION 265: sce emamend <4 15-16b 
RONOVdlSaxes ew ue ie ese es 15-16a 
Left intermediate body mount 
bracket: 
Installation.............05. 32-7b 
Removal. .......22000 eee eee 32-7a 
Left outer cowl insulation: 
IiStall QUO x2 incas cee a eas eo 10-30b 
REMWAl<sgscceeideacex acess 10-30a 


Left parking brake cable/mounting 
bracket: 
IStallaON wine < 3ae tae a ste es 
Removal... .....000 cee eae 
Left rear floor panel repair: 
Insert panel and left rear 
floor panel installation...... 33-12! 
Left rear floor panel and 
insert panel drilling........ 


11-68.4 


11-68.2 


11-68.5 


3-80 
3-80 


15-32 
15-32 
32-13 
32-13 
10-55 
10-55 


7-50 
7-48 


33-64 


33-62 


Para 
L (Cont'd) 
Left rear floor panel removal .. 33-12d 
Left rear insert panel 
fabrication ............00. 33-12a 
Metal strip C and insert 
panel assembly............ 33-12g 
Metal strip D and insert 
panel assembly............ 33-12h 
Metal strip E and insert 
panel assembly............ 33-12i 
Metal strip F and insert 
panel assembly............ 33-12) 
Metal strips fabrication ...... 33-12c 
Reinforcement strip A and 
insert panel assembly ...... 33-12e 
Reinforcement strip B and 
insert panel assembly ...... 33-12f 
Reinforcement strips 
fADTIGAUION: cei cae dena 33-12b 
Left rear underbody armor: 
InspectiOn ........ 00. eee 11-37b 
Installation ...........000: 11-37c 
REMOVEl: 2.0445 ed4ceeeecee55 11-37a 
Left rocker arm cover: 
INnStallaviOn <s<2dseceexeede02 15-11b 
ReMOVdls 26236646 n¢4 see eees 15-lla 
Left side A-pillar armor: 
INSPEAION case donee dened es 11-32b 
Installation.............0.. 11-32c 
Removal. .......000 eee ees 11-32a 
Left side armor, A-beam: 
Installation.............0.. 11-42b 
ROEMOVGl. 2.2cn<cauecsetecss 11-42a 
Left side rocker panel armor and 
inside protection plate: 
INSDECION 2554 %c¥eeeneeead 11-34b 
Installation.............0.. 11-34c 
ReMIOVGl: «35 ie Meee ee a Pees 11-34a 
Left side tunnel insulation: 
[niStall avin e:sc-2s asian ae eho 25-37b 
REMOVE. on casace neds ocarde 25-37a 
Light assembly, blackout drive: 
INnStallaviOn <4 2224<2e2¢<ee5 4-51b 
ReMOValiis sas s0 ae eee Bee ere es 4-5la 
Light assembly, front composite: 
INStAW GION 54% e'eeees cues os 4-53b 
Removal. ..... 0. c eee eens 4-53a 
Light assembly, rear composite: 
Installation.............0.. 4-57b 
Removal. .......00 cece eee 4-57a 
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33-47 
33-40 
33-54 
33-50 
33-58 


33-60 
33-44 


33-50 
33-52 
33-42 
11-70 
11-72 
11-70 


15-24 
15-24 


11-58 
11-58 
11-58 


11-86 
11-86 


11-62 
11-62 
11-62 


25-116 
25-116 


4-86 
4-86 


4-90 
4-90 


4-96 
4-96 


Para 
L (Cont'd) 
Light assembly, side marker: 
ISAM AION 250344389 24 4% o5 4-56b 
Removal....... 0c cece 4-56a 
Lighting system maintenance 
task SummMary..........0006s 4-48 
Light, instrument cluster: 
Lamp installation........... 4-19b 
Lamp removal.............. 4-19a 
Light assembly installation ... 419d 
Light assembly removal ...... 4-19c 
Light switch, backup: 
INStallatiOn:. 456 s2ss'eedeee oh 4-36b 
Removal...... ccc cece eee 4-36a 
LIQMES TGS 2 a<¢+ 44h sdieots eu 35 2-39 
Linkage, accelerator: 
ACHISUMNGNE 22s teurdeve eaesd 3-43d 
INSPECKION .. eee eee 3-43b 
Installation... .........005. 3-43c 
REMWalnci2 484 ate SS rd en's 3-43a 
Linkage, windshield wiper: 
[riStallaviOn 2x dee vena 3 bei 56 10-61b 
PON Glee se dee seeds oe 2 10-6la 
Link, center: 
[StallQuiOn 5.2 a. keen eee sax eo 8-15b 
REMOQVEl:.2 s 40inannkddeane ws 8-15a 
Link, stabilizer bar: 
IMStallatONs << oe sates oa fe ee 6-21b 
REMOVE. ¢22% 4.2 agaenuetenad 6-21a 
Location and contents of warning, 
caution, and data plates....... 1-13 
Location and description of major 
exterior components .......... 1-11 
Location and description of major 
interior components .......... 1-12 
Locking pawl and connecting rod: 
Installation................ 11-7b 
ROVdl.s cased cake Beka oe 11-7a 
Locking rod and door release 
handle: 
INStaMAON +6 3 )seee ee ease ea 11-8b 
ReMOval: 5 hes oaeny ede ak 11-8a 
Lock, steering wheel: 
Installation... .........00 0 10-48b 
RENWal.t che ccedivac acs ede 10-48a 
Lower ball joint: 
IMSPECHION 3.445 b4esn0e4< sie os 6-24a 
InStallaviOn x ¢2 beatae deen 4¢ 6-24c 
Renal: oe406 eave cles d08-4 62 6-24b 
Change 1 


10-103 
10-103 


8-42 
8-42 


6-50 
6-50 


1-8 
1-5 
1-6 
11-14 
11-14 
11-16 
11-16 


10-82 
10-82 


6-54 


6-54 
6-54 


INDEX 29 


TM 9-2320-387-24-1 


Para 
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Lower control arm: 
Installation... ..........008 6-26b 
ReEMOVal: 22 ceed exacdeacexc 6-26a 
Lower radiator hose: 
Installation «<5 25424602 0eea% 3-72b 
REMOVAL: «ee264eas60 dew eeus 3-72a 
Lubrication system maintenance 
task SUMMA vices ceca de ews 3-1 
Lubrication system tests........ 2-26 
M 
M13 decontamination brackets: 
INStallaAtiON «sac aws ce cede aan 10-58 
M1114 air-conditioning system 
ODE AVON «4 i220 eteceeaes ies 1-29 
Main light switch: 
Installation... .........0008 4-58b 
REMNOWVal si cc daa eee bea was 4-58a 
Maintenance allocation chart: 
EDOENOIX Bc 2ccadeveesecache 
Maintenance forms, records, and 
POONS so ese Segoe desea sere ees 1-2 
Mandatory replacement parts: 
BDOGNICIX Gy 2.454% 4 seu eb ee ea’ 
Mandatory replacement parts, 
ONG Gls icv as deta see seas eis 1-8 
Manifold, intake, left: 
INnStallatiGh:<:.ac6 ase dee eeu 15-16b 
FRREMOV Al 5a a efs aan ee ee wae 15-16a 
Manifold, intake, right: 
Installation... .........0008 15-17b 
Removal... . 2.0... cece eee 15-17a 
Manifolds, exhaust: 
Installation... .........0008 3-57b 
Removal....... 0.0 e ee eee 3-57a 
M anifold-to-turbocharger exhaust 
pipe: 
INnStall ation «<4: 52246 588 eea% 3-51b 
Removal....... 0. cee ee eee 3-5la 
Master cylinder: 
Bleeding ........ ccc eee 7-5¢ 
INStANAUION «sacs eee ees few 7-5b 
REMOVal ws aceev dee sdawarens 7-5a 
Mechanical troubleshooting 
instructions (DS/GS).......... 14-2 
Metricsystem ..........00 00 ee 1-7 
INDEX 30 Change 1 
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6-58 
6-58 


3-128 
3-128 


3-1 
2-69 


10-98 


1-39 


4-98 
4-98 


M (Cont'd) 


Mirror, rearview: 
ASSOMDIY «23% 22 e6ee al eeae se. 
Disassembly ...........0055 
INSPECION «24 24 eee we hae we 
Installation... ....... cee 
MeMNOV leo: ea den Seated eae ba 
Models, differences between..... 
Module, time-delay: 
INStAN ANION cic 6c4 04% c0r0edHi 
REMOVE sn ead 55 we cue eas oS 
Mount, body hinge: 
Installation... ....... cee 
REMOVAl.w i ae cn a eee eas 
Mounting bracket, commander’s 
control box: 
Installation... ....... cee 
RENO ort cee hehehe ven 
Mounting clamp, rifle: 
INStAILATION « «x0 ewes Sven conc 
PRONOVGl: 0.5% us. eos 58s e208 56 
Mounting hardware, tensioner, 
idler pulleys, and: 
Installation... ....... 0.0 ee 
REMOVE: asian cee a hoe kG 
Mount, night vision: 
[nStallation seats eva wae can vs 
REMOVE tcc decaana bean sds 
Muffler and catalytic converter: 
INStAlAtION « iiicc ec aaiwd tae end 
RENOVGl: < 444400d old eZ 23 ewe 
Muffler hanger: 
Installation... ....... eee 
REMOVAl cient eae ae 
Muffler support bracket: 
Assembly... . 0.0.0.0 cee ena 
Disassembly ...........0055 
INStallAtiON s « vesaxuacn dda vad 
PENOV Gl: 23.06 04 2G w ae eee oe 


Neutral start switch: 
Installation... ......... 0a 
RENOVdl: 2% «kaw bee wom sae MG 
Night vision lid bumper and 
bracket: 
INStAN ATION «oad cadaa ewan e cd 
ReMOVGlh2. eases reese oes 


Para. 


5-16 
5-16 


11-112 
11-112 


N (Cont'd) 


Night vision mount: 
INStallatiOn «-<arsatee vee exe 
Removal... ... 0.00 eee eee 
Nozzle, left defroster: 
Installation... ..........005 
ReMOVGli sos sed abe se Ree 
Nozzle, right defroster: 
[NStallatiOW «sa2s os ae es aaa ae 
REMOVAL. sa ucaedaewds aw aun 
Nozzle, windshield washer: 
Installation... ..........008 
REMOVEl i523 dee ened eaaicns 


Odometer/speedometer: 
Installation... ..........0008 
Removal... .. 0... c eee eee 

Oil cooler assembly, engine, trans- 

mission, and power steering: 
Cleaning and inspection...... 
[NStallatiOn geass vee ew cc aa as 
Removal... ... 0.0.0 eee eee 

Oil cooler lines, transmission: 
Front lines installation....... 
Front lines removal.......... 
Rear lines installation ....... 
Rear lines removal .......... 

Oil cooler maintenance, radiator 


Oil cooler supply and return lines, 
engine: 
InspectiOn ........ 00. eee 
Supply lineinstallation....... 
Supply line removal ......... 
Oil dipstick tube, engine: 
Installations 1s<%dveceed de 
ROMOVEl:? os so%e i eyeceua seas 
Oil dipstick tube, transmission: 
INStAWAION 2s sees ees Se ae 
Removal. ........0 0c cece 
Oil filler tube, engine: 
InspectiOn ....... 0.0 c eee 
[iStalll avi. s22s oven ae Bee 
REMOVE. «2 2¢cendeeedeceene 
Oil filter adapter, engine: 
INSDECUION + 21s60cceendaeSu 
MSU -25 302 eeons vee es 
Removal.........00c cee eee 
Oil pan: 
Installation.............0.. 
REMOVE. «ines cd weeds wemsde 


Para. 
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11-114 
11-114 


10-144 
10-144 


10-146 
10-146 


10-112 
10-112 


Para. 
O (Cont'd) 
Oil pressure sending unit: 
IMSDSCHION 2-26 94 So nea eek Ss 4-29b 
Installation... ....... 0c eee 4-29¢ 
REMNOVEl. 3a ce thw aewa karen 4-29a 
Oil pump: 
INSOSCUON «cae iviee a keees 15-15b 
Installation... ....... 0c eee 15-15c 
PRENOVGl: 24 a-5-5 sas due ae BA 15-15a 
Oil pump assembly: 
ASSOMDIY 2242 seet eves dace sd 28-18d 
Cleaning ..........00000008 28-18b 
Disassembly ...........0055 28-18a 
INSOSCHON, <2 eve Bete cS eb ene 28-18c 
Oil pump drive: 
Installation 3c c<vdvs ae ws cou 15-14b 
RENOVGl: < 3.2% Hie hr 5a eek ae 15-14a 
Oil seal, front cover: 
Installation x acvarsae ovae as 15-13b 
Removal... .... 0. cece eee eee 15-13a 
Oil service, engine: 
Filter installation ........... 3-5c 
Filter removal.............. 3-5b 
OU CPeANIG 32 22 otne ees eee 3-5a 
Oil replenishing ............ 3-5d 
Outer armor, driver’s footwell: 
INSPECION 4.05 ised oes ce os 11-40b 
Installation... ......... eee 11-40c 
Removal... ... ccc eee eee 11-40a 
Outer armor, passenger side 
footwell: 
Inspection... eee eee eee 25-10a.1 
Installation... .......0 cee 25-10b 
Removal... . 0... cee eee eee 25-10a 
Outer hood seal: 
Installation... ....... cca 10-10b 
REM: o% 3s vie Boke nw Cade s 10-10a 
Output Speed Sensor (TOSS), 
Transmission Input Speed 
Sensor (TISS) and: 
InspectiOn......... 00 cee 4-47b 
Installation... ....... eee 4-47c 
RENOVGl: 64 oe 068 6485.24 eee os 4-47a 
Ns) 
Panel, instrument: 
Installation... .........000 4-15b 
REMOVGli os xn ae Reeve wwdore 1G 4-15a 
Panel, insulation: 
[NStallAQtiOW x cae sive we de Keene 11-30b 
REMOVE ack hcec aor decadae ts 11-30a 
Change 1 


11-82 
11-82 
11-82 


25-28 
25-28 
25-28 


10-19 
10-19 


4-78 
4-78 
4-78 


4-32 
4-32 


11-54 
11-54 
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Para. 
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Parking brake adjustment, rear 
dual Service/ .... eee eee 7-19 
Parking brake cable/mounting 
bracket, left: 
Installation.............0.. 7-176 
ReENIOVEl.t20sa22oeGn eb Reeay 7-17a 
Parking brake cable, right: 
[NStall ati 2.330¢.o sae de ee a 7-16b 
REMOVE: 2.054 c0d4 beens eced 7-16a 
Parking brake caliper, rear dual 
service/: 
Cleaning and inspection...... 7-15b 
Installation................ 7-15c 
REMOVE: «ix nc cu adediaaa vas 7-15a 
Parking brake lever: 
Installation................ 7-20b 
ROEMOVGl. «.cksceevecaaeaxe« 7-20a 
Parking brake pad, rear dual 
service/: 
Cleaning and inspection...... 7-14b 
Installation................ 7-14¢ 
ReMIOVGli «gw seex eo cien emcee de 7-14a 
Parking brake rod, rear dual 
service/: 
InstallaviOn 245 350<20e2c26%< 7-18b 
RENOVdlis ¢as0 ee eee eS eee oo 7-18a 
Parking brake switch: 
INStallauiO «+2 i«s22s 84% e% 4-23b 
Removal. .......000c cece 4-23a 
Parking lock pawl and actuator 
assembly: 
IMSPeECtiION .. ees 28-6 
Parking, service/brake system 
Operation. ...... 00. c ee ee eee 1-25 
Partition, C-pillar: 
ASSEMDIY. 0. ee 25-9C 
Disassembly ..2.sesecae deena 25-9b 
INSPRUION 22 s6,c2esd8 eee es 25-9b.1 
Installation.............0.. 25-9d 
REMOVE). .<ia2ceereeer areas 25-9a 
Parts, mandatory replacement... 1-8 
Passenger seat: 
ASSEMDIY. .. eee 10-45b 
Disassembly .........0. eee 10-45a 
INStallation <4 %2esdes¢ex% ds 10-45.1b 
REMOVE. oo c5 eh eeee ee ees 10-45.1a 
Passenger side footwell inner armor: 
INSDECUON 224 caxvtccusaceren 25-11la.1 
INStallaUON 2.30 eseees vee as 25-11b 
Removal.........000c eee 25-lla 
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Para. Page 
P (Cont'd) 
Passenger side footwell outer armor: 
INSPECTION... eee eee 25-10a.1 25-28 
INStAllATION 6 aac daw da dae vale 25-106 25-28 
RENOV Gl: « ¥.2's $43.4 aee yds aie as 25-10a 25-28 
Passenger side upper cowl liner: 
Installation... .........0 ae 25-13b 825-36 
REMOVGl: 6a :ak oe kein wedoe we 25-13a 25-36 
Pedal, accelerator: 
DNStallaQHiOW eae seas ws ae es 3-44b 3-86 
REMOVAL. cdc cease neanens 3-44a 3-86 
Pedal, service brake: 
INnStallatiOW cc icca cas cee dd 7-9b 7-30 
ROENWale os ons<coeveseere es 7-9a 7-30 
Pedestal, stowage, and gunner’s 
platform: 
Inspection ........ 0.00 e eee 11-7la.1 11-132 
Installation... ....... cee 11-71b = 11-132 
REMOVAl ove 2a ee exia ve deeund 11-7la 11-132 
Pinion seal: 
InstallatiOn ¢0ce sews iveaaead 21-4b 21-4 
RENOVEl. <4 28 ois G02ad eed ci 21-4a 21-4 
Pintle mount, turret: 
LFSPECUON: «2% e503 6ded ve see 3% 11-62b 11-120 
Installation... ....... 0a 11-62c 11-120 
REMNOVdl: a ace ed beet dw ehoe ee 11-62a 11-120 
Pintle, towing: 
ASSOMDIY. . 22 eet eea eee ewes 9-9d 9-13 
CIEMNING cc0¢n6eee20neecade 9-9c 9-12 
Disassembly esis esaeececues 9-9b 9-12 
LMSCAN AUION iceiacei ae eee ce an 9-9e 9-14 
REMNCVdl.. sci baad cha weld 9-9a 9-11 
Pioneer tool kit stowage strap and 
bracket: 
INSDSCHON » 2¢cvcidwee eee cenit 10-37b 10-64 
SCAN ATION ocak dae eee we ss 10-37c 10-64 
Removal... ... ccc cece eee eee 10-37a 10-64 
Pipe, exhaust: 
Installation. ..........00008 3-50b 3-94 
REMOVdlics so ned idence euwe nd 3-50a 3-94 
Piping, heater outlet/inlet: 
IMSPECUGN <4 od use edekadse 10-71b 10-122 
Installation... ........ cae 10-71ic 10-122 
RENOWN. iid owl beh k ein 10-7la 10-122 
Pitman arm: 
INStallatiOn 42406 eee sea ds oa 8-14b 8-40 
RONOVal. +%.ah wee eae weeees 2 8-14a 8-40 
Pivot, windshield wiper arm: 
Installation... ....... 2.0 10-60c 10-102 
Removal........000cc eevee 10-606 10-102 
Repair (optional)............ 10-60a 10-101 


Para. 
P (Cont'd) 
Plates, warning, caution, and 
data, location and contents of... 1-13 
Power cable: 
INStallatiOhl o-<0¢ vue ee 623-4045 12-25b 
Removal. ..... 0... eee eee 12-25a 
Power cable, 200-ampere dual 
voltage umbilical: 
[NStallatiG« .42%e:0K0u aaeae 4-7b 
Removal... ... 0.0.0 eee eee 4-7a 


Power cable, winch: 
Front power cable installation . 4-77b 


Front power cable removal.... 4-77a 
Rear power cable installation.. 4-77d 
Rear power cable removal..... 4-77c 
Power feed-through stud: 
Installation.............0.. 4-69b 
ReMVal. 2.2 sedagnecseseu nx 4-69a 
Power steering cooler hose: 
Installation sas. .40ee seaddex 2 8-26b 
REMOVEl 2otueesevanes co's ve 8-26a 


Power steering hydraulic system 
pressure and return hose: 
Installation.............0.. 8-24b 
REMOVGl: «<b saa vedak ae nk ess 8-24a 
Power steering oil cooler assembly, 
engine, transmission, and: 


Cleaning and inspection...... 3-8c 
IMStAN AION «5as eosin eee eee 3-8b 
REMOVEl isii ai we iow ace ee ae 3-8a 
Power steering pump: 
Assembly... .. ccc eee eee 23-3d 
Cleaning ...... 0. cee eens 23-3b 
Disassembly .........00000. 23-3a 
INSPECHON of 54.08 daw ob2«e es 23-3C 
Power steering pump and pulley: 
IPiStallAtiONY 2 a2 ae. a ehh $034.8 2 8-23b 
Removal. .........0000eeaee 8-23a 
Power steering pump and 
steering gear leak test......... 23-4 
Power steering relief valve 
cartridge: 
INSPSCUON 25 ce0s 64602 22 Ree ee 8-28b 
INnStAllaviOn 24c22,aceeaecheg a 8-28c 
REMOVALS «245224 sve dee w« vs 8-28a 


Power steering system bleeding.. 8-27 
Power steering system hydraulic 
control valve: 


Back flush procedure ........ 8-25b 
IMNSPECKION . 6. ee 8-25c 
Installation.............0.. 8-25d 
ReEMNWAl. c.g decade daw bwend 8-25a 
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Para. 
P (Cont'd) 
Power steering vent line: 
INStallanON exc caee eaves dees 12-48b 
Removal... .. 0.00000 cece aes 12-48a 
Preparation for storage and 
Shipment ........ 0.00 ee eee 1-4 
Preparation for storage or 
shipment: 
Administrative storage....... 13-2 
ClEAnING) 4 oa. 5 ever scctacess 13-6 
General storage and shipping 
information ..............4. 13-5 
Inspections, stowage, and 
INVENEONY i 2a ckwes ow wa tend 13-7 
LUDIICAION, 29 +4 ie2eee secu 26 13-9 
Records andreports ......... 13-10 
Repair, painting, and 
preservation. .........0.00: 13-8 
[66 0 a er. oa 13-1 
SGOUNIY +2 sae ne Reseeeencess 13-3 
Special packaging and 
shipping requirements ...... 13-4 
Pressure limiter valve, brake: 
InStallianOmes +: s«08 «eee 2 84 7-8b 
Removal... ......00 cece eee 7-8a 
Preventive maintenance checks 
and services: 
General ........0. 0002 e eee 2-8 
General service and inspection 
PrOCeEdUreS...... 0. cee ee eee 2-11 
INMEV WANS o5 6a 2624054528 o< 2-9 
Reporting repairs ........... 2-10 
Specific PMCS procedures .... 2-12 
Principles of operation, general... 1-16 
Principles of operation reference 
index: 
200-ampere umbilical power 
CAG) <4 chav de heen e auto nd 1-30 
Battery system operation..... 1-23 
Cooling system operation..... 1-20 
Drivetrain operation......... 1-18 
Fuel system operation........ 1-19 


Generating system operation... 1-22 
M1114 air-conditioning 

system operation........... 1-29 
Service brake system operation 1-26 
Service/parking brake system 


Operation...........00008. 1-25 
Starting system operation .... 1-21 
Steering control system 

ONTO .v2cheer ses das eek 1-27 
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12-83 
12-83 
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Suspension system operation.. 1-28 
Windshield wiper/washer 


system operation........... 1-24 
Propeller shaft assembly, front: 
ASSEMDIY. 6... cee 6-3c 
Cleaning and inspection...... 6-3b 
Disassembly ...........00005 6-3a 
ISPECUON 3 asus Si-565 oe ee es 6-2b 
Installation «2.142: e% eevee 6-2c 
ROWOVdliss¢ ice ecy shee eeels 6-2a 
Propeller shaft, front: 
Assembly... .. 0... cece eee 21-8b 
Disassembly ...........00005 21-8a 
Propeller shaft, rear: 
INSPCCHON ces ecadutcredeens 6-4b 
Installation. ............00. 6-4c 
REMWal: c.2a0tdencrnavaegs 6-4a 


Propeller shafts, axles, and 
suspension maintenance task 


SUMMARY 32-22% tod ee eee oh oR2 21-2 
Propeller shafts maintenance 
task Summary...........000. 6-1 


Proportioning valve and 
differential valve: 
Differential valve installation. . 
Differential valve removal .... 
Proportioning valve 
INStallatiOn. § a6 aaeus ewe eas 7-10d 


7-10b 
7-10a 


Proportioning valve removal... 7-10c 
Prop rod and bracket, hood: 
Assembly... .. 0... cece eee 10-8d 
Disassembly s2c1 cee ss eeu 10-8b 
IMNSPECtION .. eee 10-8c 
INStallatiOW a & onde Sark ae ewes 10-8e 
Removal. .......2000e eee 10-8a 
Protective control box: 
INStalAlION -<4.4 742464484 ox 4-4b 
Removal... ... 0.0. c eee eee 4-4a 
Protective control box tests...... 2-34 
Pulley, alternator: 
InstallatiGhi-<<64¢4se08e5e00% 4-2b 
ReMOVGl: 267 ieee etakeenceye 4-2a 
Pulley, crankshaft: 
InstallatiGh«.4 s¢aseede0 weds 15-6b 
ReMOVGli yo ava se ena hoead 15-6a 
Pulley, power steering pump and: 
[nstallatiOhie sc 46 eaces eke eas 8-23b 
ReMOVGl: «seraxvasobe se neeae 8-23a 
Pulley, water pump: 
InstallatiOhisséacaseeda0eeds 3-77b 
REMOVdl. «aa aaedavecde be une 3-77a 
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21-19 
21-19 


6-8 
6-8 
6-8 


21-1 


6-1 


7-32 
7-32 


7-33 
7-32 


10-12 
10-12 
10-12 
10-13 
10-12 


4-6 
4-6 
2-213 


4-2 
4-2 


15-14 
15-14 


8-64 
8-64 


3-133 
3-133 


P (Cont'd) 


Pull strap, door seal and: 
Door pull strap installation ... 
Door pull strap removal ...... 
Door seal installation ........ 
Door seal removal........... 
Pump and pulley, power steering: 
Installation... ....... 0. eee 
RENOVGl: =. 4000 eee 55508 Os 
Pump assembly, windshield 
washer reservoir and: 
INSPECHON 24444 see80 sauce ee 
DNStAlQtION wc aha bead hae da 
REMOVal 0 cia dea ea eae ees 
Pushrods, rocker arm shafts and: 
IMStANATION &.< v0 tw 2s week dens 
REMOVal.. cic tae eee ea 


Radial tire, wheel, and rubber 
runflat: 
ASSOEMDIV: Jc 222i sedeweacess 
DISA@SSEMDIY 2¢2< hove anes eas 
Inspection and cleaning ...... 
RGD «33 2neshcadax ees ses 
Radiator and fan shroud 
assembly: 
Cleaning and inspection...... 
[nstallation wc. sca eee w ae es 
Removal... ... ccc cee eee 
Radiator and oil cooler 
maintenance .........00e eee 
Radiator front mount bracket: 
Installation... ....... 0.0 ee 
REM. ovo edd ewen eee cend 
Radiator hose, lower: 
InStallatiOn s< bse Ks aH ek are ed 
REMOVE: $2 scane Reeeeseae 54 
Radiator inlet hose: 
Installation... .......0 cee 
Removal... ... 00 ccc eee eee 
Radiator lower tube assembly: 
Installation... ....... 2. eee 
REMOVE: Gyn eae Sue ye wdard BG 
Radiator support: 
INStallatiOn ic ackve veda eee ks 
REMNGWal ccd cc bevowacedae tnd 
Radiator tube hose, surge 
tank-to-lower: 
InstallatiONscissae8eeeedews 
REMOVE acc dda take et aa aes 


8-64 


10-108 
10-108 
10-108 


15-17 
15-17 


8-13 
8-8 

8-11 
8-12 


3-114 
3-114 
3-112 


17-1 


9-5 
9-5 


3-128 
3-128 


3-126 
3-126 


3-127 
3-127 


3-119 
3-119 


3-130 
3-130 


Para. 
R (Cont'd) 

Radio rack and mounting brackets: 
[NnStallatiOWl :gs0ssasea dca we aa 12-17b 
Removal... ... 0... eee eee 12-17a 

Radius rod: 

Installation... .........0008 6-22b 
ReMOVdli «as isa eet eee exeae 6-22a 

Rear antenna cables: 

[NStall Ati s45 22% ae wee kaos 12-24b 
Removal... ... 0.0.0 eee eee 12-24a 

Rear antenna mounting bracket: 
INStallatiON i cucnacee ne Ceaane 12-22b 
ReMOVals¢ 3 %4404 22404 bo eicus 12-22a 

Rear band and selective thrust 

washer: 
InspectiOn ........ 00. eee 28-7 

Rear bumper: 

INStall@tiOn i... s aes ekiwak a 9-7b 
Removal... ... ccc eee eee 9-7a 
Rear bumper brace: 
Installation. ............0005 9-6b 
ReMOVal.. ccavccees tego ters 9-6a 
Rear bumper inner mounting 
bracket: 
Installation s<40%<24% ese seas 9-8b 
Removal... .... ccc eee eee 9-8a 
Rear bumper mounting bracket 
and tiedown bracket: 
Installation... .........0008 24-22b 
REMOVGl..0684 cada ce eta ceeds 24-22a 
Rear cargo door access: 
LIMING 2.42% adansceosaceaes< 11-90a 
LOWENING «<<0e8 Gace ee acess 11-90b 
Rear cargo door access task 
SUMIMGIY sce soedavteeovaens 11-89 

Rear composite light assembly: 
Installation... .........0008 4-57b 
ReMOVal: +4454 5 dee yur ecae 4-57a 

Rear composite light lamp: 

INStallation 2<4%seeea ese eean 4-55b 
Removal... ..... 0. cece eee ee 4-55a 
Rear crossmember bracket and rear 
body mount bracket: 
[NStallatiOhaia% sev eae wk eee 24-21b 
Removal... ... 0.00 eee eee 24-21a 

Rear crossmember, rear suspension: 
INStallatiOW<% s28aee dt aureus 24-19b 
REMOVAl: o's a20e ee soes nee ws 24-19a 

Rear door and hinge: 

InStallatiOn x. as62846ss8404s 11-2.1b 
Removal... ... 0.00 cee eee 11-2.1la 
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Para. 
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Rear dual service/parking brake 
BOjUSIMENE 4354 00%02040'9 e004 7-19 
Rear dual service/parking brake 
caliper: 
Cleaning and inspection...... 7-15b 
DStallAROME ax ie 2 bas Ga ae Bc 7-15c 
R@MOVal. sci w etd de chen ws 7-15a 
Rear dual service/parking brake pad: 
Cleaning and inspection...... 7-14b 
MStallatiON-od <2 Sete ad oe os 7-14c 
Removal. ........000 cece eee 7-14a 
Rear dual service/parking brake 
rod: 
IMStallatiOW’ e040 4054 wads eee 7-18b 
REMOValics acatedun oda denen 7-18a 
Rear dual service/parking brake 
system maintenance task 
SUMMARY v2.28 os E998 we 558 od 7-13 
Rear fairlead roller bracket 
assembly: 
Installation.............05. 12-35b 
ROVOVGl: 63% nae bees ted ae ee 12-35a 
Rear-front tiedown bracket: 
PHStalAUlOW: tu are Shae wewiere Bo 24-14b 
REMOVal.ccacgeceas ites ede 24-14a 
Rear geared hub vent line: 
Sta AUCH as 530 4 een Reseed 6-15b 
ReEMNWal: 22405 0eeex'eede se od 6-15a 
Rear heat shield: 
LiStallaiON-x2s20< pahe aes oe ot 3-52b 
Removal....... 0c cece eee ee 3-52a 
Rear heat shield, right: 
Installation................ 3-58b 
Removal... ... cc cee eee 3-58a 
Rear parking brake caliper: 
Assembly... . 0.00. eee eee 22-5d 
Cleaning «v2<2seevee vend ess 22-5b 
INSPSCHION 2 3s we sbtane eden an 22-5c 
Disassembly ...........0005 22-5a 
Rear propeller shaft: 
INSPECTION... eee eee 6-4b 
Stal ARON: we a2 so wee wae BS 6-4c 
REMNOVali ccc ectedadackise dé 6-4a 
Rear-rear tiedown bracket: 
[StaNANON c.c0 He aheeeese Ad 24-12b 
RONOVdls saves exe haesdses os 24-12a 
Rear seat floor insulation: 
MNStallatiONie =< ose%aen<3 9854 10-34b 
Removal. .......000 cece eee 10-34a 
Change 1 
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R (Cont'd) R (Cont'd) 

Rear servo repair (1995): Rear winch, 10,500 Ib hydraulic 
ASSEMDIY: ¢45422 42a 22 3446s 28-16d 28-58 fairlead roller bracket 
Cleaning ............00e eee 28-166 28-58 assembly (M1114): 

Disassembly ........000 eee 28-16a 28-58 MMStallatiOi sa e2setexeneeee 12-36.3b 12-68.6 
INSPSCUON 2.244226 cn sud sheds 28-16c = 28-58 REMNWalss osica caer caeneds 12-36.3a 12-68.6 

Rear servo repair (1996-1998): Rear winch, 10,500 |b rear 
ASSOMDIY .224¢254 0804252543 28-16.1d 28-58.2 hydraulic hose replacement 
CIlGanINIG): 243 seeee ees Geese 28-16.1b 28-58.2 (M1114): 

Disassembly ............00. 28-16.la 28-58.2 Installation... .........000. 12-36.4b 12-68.14 
IMNSPECKION .. eee ee 28-16.1c 28-58.2 Removal... .... cece eee 12-36.4a 12-68.8 
Rear suspension front cross- Rear winch clutch cable: 
member: Installation... ........0000. 12-366 12-68 
LNStallation 2 2icvdeecked eens 24-185 24-32 ReMWals cc2cle tetas sus ene 12-36a = 12-68 
REMOVEl, «aeewes cy de wed Re an 24-18a 24-30 Rear winch vent line: 
Rear suspension rear cross- MStal latin so aa sw Ge ew aed 12-345 12-66 
member: REMOWVal: £2 024 ve0 eae s'soik a6 12-34a 12-66 
Installation..............04 24-196 24-34 Records, maintenance forms, 
REMOVAl: 2 4svare ve ss ee Eee 24-19a 24-34 FODOFIS, GNC sc vas se oewg von ¥3 1-2 1-1 

Rear upper control arm bracket: References, appendix A......... A-1 
[Stal AION a einai Sen aren ee oi 24-11b 24-14 Regulator, 200-ampere dual 
REMOVE wid ws Baris dada ware da 24-lla 2414 voltage: 

Rearview mirror: [Sta ANION 2:0 oe at ed seer 5g 4-8b 4-18 
ASSOMDIY 2540 508080000H4E0 10-68d 10-118 Removal............00eaae 4-8a 4-18 
Disassembly ............005 10-68c 10-118 Regulator, 400-ampere dual 
INSPECTION... eee 10-685 10-116 voltage: 

IMStallaniOn 2 ac2d2eceneveuns 10-68e 10-118 Installation................ 48.1b 4-182 
AGMA <tc creenee donee ae 10-68a 10-116 Removal.......cccceccceeee 4-8.la 418.2 

Rearview mirror bracket, driver's: Regulator cable, 12-volt: 

Inspection .. 0.6... eee eee, 10-69a.1 10-120 Installation... .........e ee, 4-70b 4-120 
Installation............000. 10-69b 10-120 Removal...........ccccceue 4-70a 4-118 
Removal... . 6. ieee eee 10-69a = 10-120 Reinforcement, shelter support: 

Rear wheel toe-out alignment: Installation ...4.220%+¢20s6: 11-76b 11-137 
Preliminary inspection....... 8-10a 8-30 Removal.........cceeeeeees 11-76a 11-137 
Toe-out adjustment.......... 8-10c 8-34 Relay, transmission: 

Toe-out check... seein 810b = 8-32 Installation ...........0.06. 4-44b 4-72 

Rear winch: Removal........0::0:eee eee 444a 472 
Installation ........-...+.. 12-33b 12-64 Relief valve cartridge, power 
REMOVE. 25-14.om i duce ¢ hort oat 12-33a. 12-63 steering: 

Rear winch, 10,500 Ib hydraulic INSPSHION cu exe kone ewas cwad 8-28b 8-76 

(M1114): [StallaHOH a2 04 Aone aden’ 8-28c 8-76 
Brackets installation......... 12-36.1c 12-68.2 Removal.......ccccccceeeee 8-28a 8-75 
Brackets FEMOVall da:2s2cged 12-36.1b 12-68.2 Repair: 

Winch installatione. o<2 <<<. 12-36.1d 12-68.2 General maintenance......... 2-16 9.39 
Winch removal ......+..+4+. 12-36.la 1268.1 Repair parts, special tools, Test, 

winch cable replacement (M1114): Equipment (TMDE), and support 
INStANGUION v.24 20 2aeceeemes 12-36.2b 12-68.4 equipment: 

Removal... 1+. sees e eee e ees 12.36.2a 1268.4 Common tools and equipment . 2-1 2-1 

Rear winch, 10,500 Ib hydraulic Fabricated tools............. 2-3 el 

winch controller plug (M1114): Repair parts ............... 2-4 pal 
INStAN SHON nx keane ce a« ed. 12-36.6b 12-36.28 Special tools, TMDE, and 
Removal. .........00000e eee 12-36.6a 12-36.26 support equipment ......... 2-2 2-1 
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Reporting Equipment | mprovement 
Recommendations (EIR)....... 1-5 
Reservoir and pump assembly, 
windshield washer: 
IMNSPECtION . 6... eee 10-64a.1 
LSEAl GION ated wo eee ace ek 10-64b 
Removal.........00c cease 10-64a 
Resilient mount, roof panel and: 
Cleaning and inspection...... 25-3b 
IiStallatiOn.<s344as025444%4% 25-3C 
Removal....... 0.00 ee eee 25-3a 
Resistor assembly, heater 
fan motor: 
Installation... .........0008 10-75b 
Removal... ... 0.0.0 cee eee 10-75a 
Retainer, intermediate steering 
shaft close-off: 
InStal lation «<4. %<24% «4.8 eea% 8-22b 
Removal... ... 00. c eee eee 8-22a 
Retention bracket, windshield: 
Installation... .........0008 10-29b 
REMOVAL. icd ahaa we eae eee 10-29a 
Rifle mounting clamp: 
[NStallAtiOh = s02% es kd cen een 11-67b 
R@MOVAl.. 04 ci woven oe tamed 11-67a 
Rifle support: 
PSPSCEION: 50's: 4 eede'-ee ee a’s 11-66a.1 
[NSA GUION o's2-0 y eee ba wae 11-66b 
REMOVdl:..2ccadeneceessauene 11-66a 
Right airlift bracket and front 
upper control arm brackets: 
IMStAAION 22.3 s<2% es eee oe 24-8b 
REMNOWGl. 6c cs cae cae a ee aes 24-8a 
Right cylinder head: 
DASE SI QUO ai:cce atelereeraie eases 15-5c 
Removal... ... 0. cee eee eee 15-5a 
ReQgIl + i< ceateeeeees teres 15-5b 
Right defroster nozzle: 
lnstallatiOn’. cnc<e824224e0ee 10-84b 
Real és ose 822240 eediee 10-84a 
Right engine mount bracket: 
IMStallaliOWec24s 42an es ettas 24-9b 
Removal... .......ce eee eee 24-9a 
Right exhaust manifold heat shield: 
IMStallaiON 55.4 es ees ose ews 3-56b 
PMOVGll:. «o:as' arn BAe wre Pe ee 3-56a 
Right front body mount bracket: 
Installation. ............008 32-5b 
ReMOVdl.<..eave2d2oeen644 006 32-5a 
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1-1 


10-108 
10-108 
10-108 


25-2 
25-2 
25-2 


10-128 
10-127 


8-62 
8-62 


10-54 
10-54 


11-128 
11-128 


11-126 
11-126 
11-126 


24-8 
24-8 


15-12 
15-12 
15-12 


10-146 
10-146 


24-10 
24-10 


3-102 
3-102 


32-11 
32-11 


Para. 
R (Cont'd) 
Right front cowl insulation: 
Sta AOR 25006. 3'S Sam 289 oF So 10-32b 
Removal... ... cee eee eee 10-32a 
Right front floor panel repair: 
Battery tray panel and right front 
floor panel installation...... 33-13i 
Insert panel and right front 
floor panel installation...... 33-13) 
Metal strip A and insert panel 
assembly ....... 2. eee eee 33-13d 
Metal strip B and insert panel 
assembly ...... 0. eee eee 33-13e 
Metal strip C and insert panel 
Essay ge eoteveeds taend 33-13f 
Metal strips fabrication ...... 33-13b 
Right front floor panel and 
battery tray drilling........ 33-139 
Right front floor panel and 
insert panel drilling........ 33-13h 


Right front floor panel removal. 33-13c 
Right front insert panel 


TADFICAUGN 0052400 e ae ws 33-13a 
Right front underbody armor: 
INSPECtION .. eee eee 11-38b 
Installation... ........00008 11-38c 
RENOVdlicves cc beewdte boone 11-38a 


Right front underbody armor: 
New passenger side footwel| 
inner armor and inner/outer 
armor reinforcement 


installation: .............. 25-13.3¢ 
New passenger side footwell 
outer armor installation .... 25-13.3b 
New passenger side footwell 
upper armor installation.... 25-13.3a 
New right front underbody 
armor installation ......... 25-13.3d 
Right fuel injection lines bracket: 
LAStal QUO aco kia ea See wae 3-40b 
Removal. .... 2.0.00 ceca eee 3-40a 
Right intake manifold: 
Installation... ....... cc ee 15-17b 
REMOVAL: cue eke bee eee bien 15-17a 
Right intermediate body mount 
bracket: 
lristal lAuiOW <6 v0.8 see%e vee xd 32-66 
Removal. ........00 eee eee 32-6a 
Right parking brake cable: 
Installation... .........0 0 7-16b 
RENIOVGl: 64:00 0s Keo eae 7-16a 
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10-58 
10-58 
33-84 
33-86 
33-74 
33-76 


33-78 
33-70 


33-80 


33-82 
33-72 


33-68 
11-75 


11-76 
11-74 


25-36.24 
25-36.22 
25-36.21 
25-36.26 


319 
3-79 


15-34 
15-34 
32-12 
32-12 


7-46 
7-46 
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Right rear floor panel repair: 
Insert panel and right rear floor 
panel installation.......... 33-14k 
Metal strip C and insert 
panel assembly............ 33-14g 
Metal strip D and insert 
panel assembly............ 33-14i 
Metal strip E and insert 
panel assembly............ 33-14h 
Metal strips fabrication ...... 33-14c 
Reinforcement strip A and 
insert panel assembly ...... 33-14e 
Reinforcement strip B and 
insert panel assembly ...... 33-14f 
Reinforcement strips 
FAD ICAHON coca vaio ea tee 33-14b 
Right rear floor panel removal. 33-14d 
Right rear floor panel and 
insert panel drilling........ 33-14) 
Right rear insert panel 
TAWICANOW os ohe edewae rend 33-14a 
Right rear heat shield: 
INStENSTION ssc coda ad eee eas 3-58b 
REMOVGl: ¢ 4-0 eh ote oe eae ei 3-58a 
Right rear underbody armor: 
INSPCCUON seevcdececdad¥exs 11-39b 
INStAMBON 300: 645 $022 o Se ax 11-39c 
Removal... .... cece ees 11-39a 
Right rocker arm cover: 
SEAN BEION Gs 4.24405 aa ates 15-12b 
ReMmOVal.<2e2s64esecnescutss 15-12a 
Right side A-pillar armor: 
INSPECUONW 2 vane even aed x 11-33b 
IStANAION sc ties ceo dod oe deat 11-33c 
Removal... .... 0. cece eee 11-33a 
Right side armor, A-beam: 
StaNBHON s-5 oss as ee ee ee 11-43b 
Removal. ..... 2. cece eee 11-43a 
Right side rocker panel armor and 
inside protection plate: 
IMNSPECKION .. eee 11-35b 
Installation:/630¢4e423 2% 4% 3 11-35c 
Removal... ... cee ees 11-35a 
Rim stud, inner: 
Cleaning and inspection...... 8-7b 
Installation. ............00. 8-7C 
Removal, <2 azeweseeee bee xx 8-7a 
Ring, tiedown: 
LnStallanion ie. 2c1eeeered vena 9-4b 
REMOVAl i. .4 so seuee see he ee 9-4a 
Road test, transmission......... 5-14 
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Rocker arm cover, left: 
INnStallatiON éea.s42eae evaw an 15-11b 
REMOVal. cae ee eae ews 15-1lla 
Rocker arm cover, right: 
Installation... ....... 0. 15-12b 
REMNOVGli ss ceca baste ea Kae be 15-12a 
Rocker arm shafts and pushrods: 
[nStallAON «exe bsae ke eawae 15-8b 
ReEMCVdl...c cco seceuacciesed’ 15-8a 
Rod, radius: 
INnStallatiOW einecacddceraedi 6-22b 
MeMOVdle one 5 ote ete eos BA 6-22a 
Rod, tie: 
ASSOMDIY 2.4% see eeeee dace es 8-13c 
Disassembly ...........0055 8-13b 
Installation... ..... cece 8-13d 
REMNOVdli cua eeebee neta duced 8-13a 
Roof panel and resilient mount: 
Cleaning and inspection...... 25-3b 
Install lAuiOn ix s4<«<2e0« ees ¢ 25-3C 
Removal. ........00 cease 25-3a 
Rotary switch: 
Installation... ....... 0.0 ee 4-10b 
REMOVE: 6.5.00 be hetannswdoexs 4-10a 
Rotor, brake: 
Checking lateral runout...... 22-3b 
Checking thickness variation. . 22-3c 
INSPECEON 62 5iseexeecs oe ed 22-3a 
Refinishing ..........0.005. 22-3d 
Rotor, service brake: 
Stall QUO ic ota eee ear says 7-12b 
Removal... . 0.0.0 cc eee eee 7-12a 
Rpm sensor, engine: 
Installation... ... 0... 0. 4-37b 
REMOVAl ia ue «de bGvs ave Re end 4-37a 
Rubber runflat, radial tire, 
wheel and: 
ASSOMDIY 22.2% 2224304024 e% 8-4d 
Disassembly ............... 8-4a 
Inspection and cleaning ...... 8-4b 
Repel éngeeaneeasdoreeatne 8-4c 
Runflat compressor (P/N 528236) 
belt: 
INStallatiONe<.sscaeiv es aad ees 8-6b 
Removal.........00 cease 8-6a 
Runflat compressor (P/N J 39250) 
belt: 
Installation. ..........00008 8-5b 
RENOVdl.cx ieee Sawn ce ebhaend 8-5a 
Run-in, engine: 
In-chassis run-in. ........... 15-24 


Scope of manual .............. 
Screen, front grille: 
Installation... ..........005 
ReEMOVGh os 2<G4s Grea cede iG 
Seal, airlift bracket-to-hood: 
[nStallatiOh:-< as sacea «ee een 
Removal. ..... 0.00 e eee eee 
Seal, differential output shaft: 
InstallatiOh <24s 64540 0ee eee 
REMOVGl ino x Mend av au eunee ka 
Seal, door window: 
INStall@tiON «6 ac ew eee as 
Removal. ... 2... ccc eee eee 
Seal, geared hub input: 
Installation. ............008 
REMOVGli ce ne dda vine ead 
Seal, geared hub spindle: 
Installation... ..........005 
REMOVGl: «53 a5343.e8 e200 '% 
Seal, outer hood: 
[nStall QtiOhl i-<G:¢ eae ew oe aes s 
Removal. ... 2... ccc eee eee 
Seal, pinion: 
Installation... .........0005 
REMOVGli 2 ox dba oh tere keke 
Seal, turret armor and: 
[NStallQtiGhy « sade Ginn cxeeea 
REM0Val..c «tne daddcntaas da 
Sealed lower converter housing 
cover: 
LSPECION 22454 %eaeedan exe's 
Installation... ..........0008 
Removal... . 2... cc eee ee eee 
Sealed upper converter housing 
cover (2-piece): 
INSDECION 22 aecndvecowdde sa 
Installation «+44 s4e<eeee%ea2 
Removal. ... 2... ccc eee eee 
Seat assembly, companion: 
ASSEMDIY. 6. eee 
Disassembly ..........0 eee 
Seat assembly, companion, and 
battery box cover: 
[nStallatiOW 44 cn0% eewiwardes 
PEMOV Gl: as a00ne Gade ete ee ed 
Seat assembly, driver’s: 
ASSOMDIY 245322 yes wu ou 
Disassembly ..........0000- 
Installation. ............005 
REMOVGi 6645 deea wvoeds ee eS 
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Seatbelt brackets, three point: 
INStallatiON accssceaaweeanws 10-46b 
Removal... ... 00 ccc eee eee 10-46a 
Seatbelt, three point: 
Front seatbelt bracket 
INSDECUION. 2. [ce axeae xed we 10-47b 
Front seatbelt installation .... 10-47c 
Front seatbelt removal....... 10-47a 
Rear seatbelt bracket 
InspectiON .........0 0c eae 10-47e 
Rear seatbelt installation..... 10-47f 
Rear seatbelt removal........ 10-47d 
Seat, passenger: 
PSSOMDIY: oc ce eee ake dee ed 10-45b 
Disassembly ...........005. 10-45a 
INStALATION ¢« weiGescun caews 10-45.1b 
PENOVGl: <4 5360559420055 10-45.1a 
Selective thrust washer, rear 
band and: 
Inspection ......... ce eee 28-7 
Selector valve: 
Installation... ....... 2. ee 12-43b 
REMOVE. 6s aca@euewaneRaens 12-43a 
Sending unit, engine temperature: 
Installation... ....... 2.0 ae 4-28b 
REMOVE: cok neta ceeenecs 4-28a 
Sending unit, fuel level: 
Installation... ....... 0. 4-32b 
MEOVGl: 2542455 euad cae es 4-32a 
Sending unit, oil pressure: 
INSPSCUON «24 cebdeecaa aoe we 4-29b 
Installation ai aieacsavewacas 4-29c 
Removal... ... ccc eee eee 4-29a 
Sensor cup vent line: 
Installation... ........ cc ee 12-47b 
REMNOVdli gs decd neeae dw Rae es 12-47a 
Sensor, engine rpm: 
[NStallatiOn «ccc iueaaae eae ws 4-37b 
REMNGVAl: 2 cwtackinaacueased 4-37a 
Sensor, throttle position (TP): 
Adjustment .............00. 4-46c 
Installation... ....... cca 4-46b 
REMOVal. ccc ea eae ewe es 4-46a 
Serpentine drivebelt: 
Alignment............00005 3-81c 
Installation... ....... cee 3-81b 
RENO. caseace ses ca awens 3-8la 
Change 1 
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10-76 
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12-78 
12-77 
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Service and troubleshooting Service/parking brake pad, rear 
instructions: dual: 

Common tools and equipment . 2-1 2-1 Cleaning and inspection...... 7-14b 
Fabricated tools............. 2-3 2-1 INStallation a4 24 nekaeexuee ae 7-14c 
Repalil’ Parts. s.2cceexe read 2-4 2-1 Removal... ccc cece reece ans 7-14a 
Special tools, TMDE, and Service/parking brake rod, rear 

Support equipment ......... 2-2 2-1 dual: 

Service brake caliper: INStaWlAON..9's.s eevee eae oi 7-18b 
Cleaning and inspection...... 7-46 7-12 Removal... ... 0.00. cee ee eee 7-18a 
Installation ..............4. 7-Ac 7-12 Service/parking brake system 
ReMOVadl.. 2.2 deeeesecaeade xe 7-4a 7-10 Operation... .. cece eee eee 1-25 

Service brake pad: Service upon receipt: 

Cleaning and inspection...... 7-3b 7-8 General .........00000c cues 2-5 
INStAMBON 30:4 244 3% ee She 0% 7-3c 7-8 General inspection and 
REMOVAL. oi ccs cans nee ewww 7-3a 7-6 servicing instructions ....... 2-6 

Service brake pedal: Specific inspection and 
Installation. ............00. 7-9b 7-30 servicing instructions ....... 2-7 
REMOVGl: 22 5v<s x even ae beta x 7-9a 7-30 Servo advance seal: 

Service brake rotor: STAN GLION «6.6 ewe ace dee wane 16-5b 
[SES ARON osaca ¥ abs haces Bae 7-12b 7-36 REMOVE: 42:20 ae eG nedacene 16-5a 
REMOVdl sede au teeedecuane 7-12a 7-36 Servo, front: 

Service brake system: ASSOMDIV: 222.0 weww sevens 28-15d 
Maintenance task summary MEAG eked ot dreds eee é 28-15b 

(2) ee ee ee 22-2 22-1 DiISa@SSEMDIY: is seco eee de een’ 28-15a 
Maintenance task summary INSPECtION .. eee ee eee 28-15c 
(UNIT) clone needs where Cheds 7-1 7-1 Servo, rear (1995): 

Service brake system bleeding: ASSEMDIY. 2. ee 28-16d 
Manual bleeding............ 7-2b 7-4 Cleaning ......... ccc eens 28-16b 
Master cylinder bleeding ..... 7-2C 7-4 Disassembly ...........005. 28-16a 
Pressure bleeding........... 7-2a 7-2 INSPECtION .. eee eee 28-16c 

Service brake system operation .. 1-26 1-33 Servo, rear (1996-1998) 

Service headlight and blackout ASSOMDIY ¢.0:0 22 de0ta0 eae es 28-16.1d 
drive light electrical connector ClIGANING:- scndaceae tad seenas 28-16.1b 
and grommet: DISASSOMOIY cae cies dx ei vaw's 28-16.1a 

Installation. ............00. 4-65b 4-106 INSPECUON 226 03 ee ckesiices 28-16.1c 
REMOVEl: ¢oss22545c% 22 nasa 4-65a 4-106 Shaft assembly, front propeller: 

Service headlight assembly: SS = 16|9) | eee ee eae 6-3c 
INStaN STON saa eae Ge ck Haka 4-50b 4-84 Cleaning and inspection...... 6-3b 
Removal........ ccc cece 4-50a 4-84 Disassembly ............0.. 6-3a 

Service headlight lamp: MSPECION 2tesavgerssanseed 6-2b 
Adjustment ............0.0. 449c 4-83 Installatlon +02 cece vests eee 6-2c 
lnstallationcésas¢edee% eas 4-496 4-82 REMOV Olas. rcar ew Oe utetinas Ss 6-2a 
REMOVAli:s ii ys Gace eed 4-49a 4-82 Shaft, intermediate steering: 

Service/parking brake adjustment, ISHAM GOW 122rh 2 naeae twain es 8-19b 
rear dual... ..c0eeseeueeaues 7-19 7-54 REMOVE xescrradeteeodeeas 8-19a 

Service/parking brake caliper, Shaft, rear propeller: 
rear dual: INSPOCION «a4 acckeneue eax an 6-4b 

Cleaning and inspection...... 7-156 7-44 INStallatlon’:<s2sgerceaas ows 6-4c 
[nstallatiOne. cua daaeeeadear 7-15c 7-44 REMOVE): 2+ 2is <2 5oeh222 din 6-4a 
ReNIOVdl:«o¢ 55% thy eneee Saax 7-15a 7-42 
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28-58.2 
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Para. 
S (Cont'd) 
Shelter: 
[NStallatiOnl «+0. ¢ eat oe e208 11-78b 
Removal... . 2... ccc eee eee 11-78a 
Shelter carrier body maintenance 
task Summary...........0005 11-72 
Shelter carrier tailgate: 
Installation... ..........0008 11-75b 
REMOVGl-2.4 sees e¥eunew eee ee 11-75a 
Shelter carrier tailgate bracket: 
[NStallatiol «acess aden ee eae 11-74b 
REMOVAli. 46656 hactkeaeaa edd 11-74a 
Shelter carrier tailgate chain: 
ASSOMDIY . oca%od4 eee 22 0e05% 11-77c 
DiSaSSEMDIY sss cei eeee acne 11-77b 
Installation... sce ekewe eas 11-77d 
Removal. ... 2... ccc eee eee 11-77a 
Shelter mounting bracket: 
Installation. ............005 11-73b 
REMQVGL. 640s ves waa ee eawe ss 11-73a 
Shelter support assembly: 
InstallatiOn «a<swveds evens 11-79b 
R@MOVal, occas cars dadeecae 11-79a 
Shelter support reinforcement: 
Installation «<o:.4s<2<% .2ee<a% 11-76b 
Removal... . 2... cece ee eee 11-76a 
Shield, rear heat: 
INStaNAUION cc ac Gacew ede ee eas 3-52b 
REMOVGl: coker tesa ewe eee 3-52a 
Shift controls housing assembly: 
Assembly... .. 0c. cece eee 5-8b 
DisasSemnbly: oases oedaweeo 5-8a 
InstallatiOn «sac as4ea sea ws 5-7b 
Removal... . 2.0.0 cece ee eee 5-7a 
Shift rod, transfer case: 
Adjustment ............0005 5-16c 
Installation... ..........005 5-16b 
ReMOVal.« cz iechennesiniend 5-16a 
Shift rod, transmission: 
ACUSUMCNE 23 vc Weak ede beeen 5-9c 
[NStallatiOnl «6.454208 o2%4e xs 5-9b 
Removal. ........000 ee eee 5-9a 
Shipment, preparation for storage 
Slee: ob aed Sok cage bk 2 Sth 1-4 
Shock absorber: 
INStallatiGh :.4% 445 405.408% eas 6-28b 
ReMNOVali «gu sdeaoske ee eee Rs 6-28a 
Shroud shield assembly, airlift-to-: 
Installation. ............008 3-63b 
ReEMVali.< ceavedd shew merdues 3-63a 
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Shunt: 
Installation ac a4 Sees ae evan w's 4-78b 
Removal... ... cc ccc eee eee 4-78a 
Shutoff solenoid, fuel injection pump: 
INSPECTION... eee eee 16-8b 
Installation... ....... 2.0 ae 16-8c 
REMNCVdl: o exe acdeugectene ss 16-8a 
Shutoff valve, heater: 
INnstallatiOW cis scaudacevacds 10-72b 
ROWOVdle ss vas 5a ean ees ke 10-72a 
Side footwear inner armor, 
passenger: 
Installation .c.4.40600ew sees 25-11b 
Removal... ... ccc cece eee 25-lla 
Side footwear outer armor, 
passenger: 
INStallatiON «e608 we Ged Hew 25-10b 
RONOVGl: 6228005 hea Seeeen xs 25-10a 
Side hood stop: 
Installation «cas vaca ae veae vs 10-11b 
Removal... ... 00. e eee eee 10-lla 
Side marker light assembly: 
Installation... ....... 0.00 4-56b 
RONOVGl: o sic eee a etvie so Sees 4-56a 
Side upper cowl liner, passenger: 
[NStallatiOn ocacs kese dav aes: 25-13b 
REMOVE dé cog ied cedwn cds 25-13a 
Signal control cancelling ring, 
directional: 
Installation 2<c.s2c08e see dees 4-64b 
RENOWN said dwn eae ale es 4-64a 
Signal control, directional: 
IMStAl ATION cad caccae eee ws 4-63b 
Removal ........00 cee e eee 4-63a 
Signal control indicator lamp, 
directional: 
INStANATION secs iaesdandaus ea 4-62b 
RENOVGl: 4 sow seca avaveusé 4-62a 
Signal flasher, directional: 
Installation 2: ccs acaavewacws 4-61b 
Removal... ... cc cc eee 4-61a 
Slave receptacle and cable: 
INSPECtION .. eee eee 4-76b 
Installation «isa ice aed we naeas 4-76c 
RENGVl ccctcecandecuens<d 4-76a 
Sling and hook, gunner’s: 
INStAlAtION b.ca6 eae bee e e408 11-56b 
REOVle<) oa bs4 seus cae 11-56a 
Change 1 
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Soft top: 
Inspection and cleaning...... 10-93a 
Soft top material repair ...... 10-93b 
Soft top window repair....... 10-93c 
Soft top window zipper repair 
(KeMPOPary) sk easee dees he's 10-93d 
Soft top door adjustment........ 10-92 
Soft top door hinge: 
InstallauiOn <45222222020053% 10-91b 
ReEMOVElit sc ieeenees eden ys 10-9la 
Soft top door striker: 
Mista 552 ee eee dee ead's 10-94b 
Removal.........000 cee eae 10-94a 
Special purpose kits (DS) 
maintenance task summary .... 26-2 
Special tools, TMDE, and support 
equipment ..............008. 2-2 
Speedometer cable: 
INStAllAtiONl 2-s6 0s as Se ahee des 4-18b 
Removal. ...... 0.000 cee eae 4-18a 
Speedometer driven gear: 
Installation................ 5-17b 
REMOVE: .2.i4¢5e5eee8 Dees 5-17a 
Speedometer /odometer: 
DNStall Ati 2 s.or29 awe oe nee ss 4-17b 
REMOVE: 2.0% 4seceeeareere0% 4-17a 
Splash shield access cover, engine left: 
INStallatiOn 2 «+224 c20x deheax 10-25b 
ReMOVdlit ¢2465¢45¢20444048% 10-25a 
Splash shield, left, engine: 
ASSEMDIY 24.4552 canbe seaRews 10-23c 
Disassembly ...........0000- 10-23b 
Installation.............0.. 10-23d 
REMOVE. <.2kecn av eeae See 5 10-23a 
Splash shield, right, engine: 
ASSEMND ene deer avzceed Henk 10-24c 
Disassembly sa: cceseeeee eas 10-24b 
Installation.............0.. 10-24d 
REMOVGl: caaieedavex ns bees 10-24a 
Splash shield support bracket: 
[nStallauiOn os02+ eee een ees 24-4b 
ReEWOVGli xs ese sta teense ed 24-4a 
Spring, coil: 
InstallaviOn 2456282 %end<eoox 6-27b 
ROEMOVdlis sisi dhaees eee e os 6-27a 
Spring seat: 
INStallauiOn <3 424444 <ee% 4% 24-5b 
Removal.........000c eee 24-5a 
Stabilizer bar: 
Installation.............0.. 6-20b 
Removal... ... 0... cece ees 6-20a 
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Stabilizer bar link: 

InstallaniOn wee cetaxdtecaw as 6-21b 

Removal... ......00 cece eee 6-21a 
Startability tests.............. 2-23 
Starter: 

ASSOMDIY: 2 se ace ivedevece's 18-4d 

Bench testing and adjustment. 18-4e 

CIGANING 2na0 cer eiidanteeke 18-4b 

DISASSEMDIY occa tdcereuend 18-4a 

INSPECHON oa 303 essed eee ea 18-4c 

Installation................ 4-11b 

Removal... ......00 cece eee 4-1la 
Starter and starting control system 

maintenance task summary.... 49 

Starter drcuit tests............ 2-36 
Starter power cables: 

Installation.............0.. 4-72b 

Removal... .. 00.000 cece eee 4-72a 
Starting system operation....... 1-21 
Steering column: 

INStAWAION ac 4636208 ve 24% de 8-18b 

Removal... ... cece eee 8-18a 
Steering components 

maintenance task summary... 8-11 


Steering control system operation 1-27 
Steering gear: 


AQGHUSUMENE 2: 22%4308 034 e% 31-3h 
Assembly... .. 0.0.0 eee eae 31-3g 
CIGANING! 2 kein 0G Ra wee oe bee we 31-3b 
Disassembly. 222chssecednade 31-3a 
Housing group inspection and 

POON 5 dar sestera ret eee Sys 31-3c 
Installation................ 8-20b 
Pitman shaft inspection and 

ROOOIl 5 dawnt ac ea ee ale eae es 31-3d 
Rack piston group inspection and 

POA cs cua vebeee abe heed 31-3e 
REMOVE: 124 esi Giwteeetchs 8-20a 
Valve and adjuster group 

inspection and repair ....... 31-3f 

Steering gear leak test, power 
steering pump and ........... 23-4 
Steering pump, power: 

Assembly... . 00... cece eee 23-3d 
ClEMNING oca¢eteee2eouae dade 23-3b 
Disassembly ..........0005. 23-3a 
INSPECTION... eee eee 23-3C 


Steering shaft close-off and 
retainer, intermediate: 
Installation... ... 0... 0. 8-22b 
REMOV Al ou bees Ses oben 8-22a 


Para 
S (Cont'd) 
Steering shaft, intermediate: 
[NStallationl <<a: 24068 os aGewe 8-19b 
Removal. .......20000 ee eee 8-19a 
Steering shaft U -joint: 
Installation... .........0008 8-21b 
ReMOVGl: 2 a5 24S bee Raa 8-21la 
Steering stop: 
ACIUSUMENE «ca. o es dees Dees 6-17c 
InstallatiOn iactaducecavacas 6-17b 
ReEMOVGliss43424 e160 bbb ees 6-17a 


Steering system: 
Maintenance task summary (DS) 23-2 
Maintenance task summary (GS) 31-2 


Steering system tests .......... 2-42 
Steering whee: 

Installation «sac danetcae varies 8-12b 

Removal. .......20000 eee 8-12a 
Steering wheel lock: 

MiStallawiOnl 22.200. xke ae Geews 10-48b 

Removal. .......00000 eee 10-48a 
STE/ICE-R test procedures...... 2-46 
STE/CE-R wiring harness: 

IniStallaiONl 2-000 a vee oh Cee a 18-5b 

Removal... ... 0... cece ees 18-5a 
Stop, center hood: 

Installation. ............0055 10-12b 

ReEMOVGl: +s 2023200 00-5o%3% 10-12a 
Stop guide, center hood: 

PMStaUACIOW a 624'o. 3-6 eee oho 10-14b 

REN al. .osecvedeu eee taeuds 10-14a 
Stoplight/torque converter clutch 

brake switch: 

AGJUSEMENE 24222 ceva Seve ees 4-60c 

Installation. ............2005 4-60b 

REMNOVGl. cs eiacaaswtanededs 4-60a 
Stop ring, turret bearing and: 

INSpectiON ..... 0... eee eae 11-57b 

Installation... .......00 eae 11-57c 

ReMOVGl: <¢2s38+54y su teh aees 11-57a 
Stop, side hood: 

LiStal AON 3 «25. 62346 eevee sa 10-11b 

Removal. ......20000e eee 10-1la 
Stop, steering: 

Adjustment................ 6-17c 

PSA BUI: oxox. owe nae Seale 6-17b 

REMOVali.c chew enue daseuerss 6-17a 
Storage and shipment, 

Preparation FOF «2200 ee0cedeaa 1-4 
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Para. 
S (Cont'd) 
Storage or shipment, preparation 
for: 
Administrative storage....... 13-2 
CIGSNING 2 a vext eked eed Ss Re 13-6 
General storage and shipping 
TOR IMALON «i. aos ee aa, d-ee% 13-5 
Inspections, stowage, 
and inventory ............. 13-7 
LUDMICAUON 2.4 2<e28%ae50% od 13-9 
Records andreports ......... 13-10 
Repair, painting, and 
preservation. ..........0.00: 13-8 
[a0 0 ee es ee re 13-1 
SOQUMILY: ci¢c0%h woud bat exies 13-3 
Special packaging and 
shipping requirements ...... 13-4 
Stowage pedestal and gunner’s 
platform: 
INSPECION soe draw eveeG nee oc 11-71la.1 
InStallauiOn s ¢ a« si etawew ca doa 11-71b 
RENE ccce dead epoicese ys 11-7la 
Stowage strap and bracket, 
pioneer tool kit: 
LMSPECEION s 4454s eee ee4 5% oc 10-37b 
Installation................ 10-37c 
Removal... ......0 00 cee eae 10-37a 
Strap, footman loop and: 
INSPECTION... ee eee 10-13b 
installaviOns <s.nave<%e54% 44 10-13c 
Revival. < i4% See Gar diese oh 10-13a 
Strap, jack retaining: 
IStAllaviCn 2% 4.2 soda dh2eee d< 10-9.1b 
Removal... ...... 000 eee ees 10-9.1la 
Straps, camouflage screen stowage: 
Installation................ 10-36b 


Removal. ........00000eeeus 10-36a 
Stud, inner rim: 


Cleaning and inspection...... 8-7b 

INnstallatiOW 6+ 644204 6e4a0n4 8-7C 

REMOVGls 2545 d odes see ae bo 8-7a 
Stud, power feed-through: 

INStallatiON eas 4 ce edaeSeae ae 4-69b 

Removal. ....... 000 ce eevee 4-69a 
Stud, wheel: 

Installation ac ass4ieaweeaw as 6-13b 

Removal. ........00 cee e eee 6-13a 
Sun visor: 

INSPECKION .. ee ee 10-70b 

INStA ATION s dau wavs deendews 10-70c 

RENOVGl: 6255 a ee sees eee ae 10-70a 
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13-1 
13-2 


13-2 


13-2 
13-3 
13-3 


13-3 
13-1 
13-1 


13-1 


11-132 
11-132 
11-132 


10-64 
10-64 
10-64 


10-22 
10-22 
10-22 


10-18.1 
10-18.1 


10-63 
10-63 


8-20 
8-20 
8-19 


4-116 
4-116 


6-38 
6-38 


10-121 


10-121 
10-121 
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Supply and return lines, fuel tank: 
INStallation é<a4sc248e20¢ea0 3-26b 
Removal......... cece eee 3-26a 

Support assembly, shelter: 

Installation... ..........0008 11-79b 
ReMmOVdli-+¢xa52ee tween Reeae 11-79a 
Support, center: 
ASSOMDIY . os cea ea eee nein s 28-8d 
CIGEnINO 2c2eebaeenencetnns 28-8b 
DiSaSSEMBIV ss: eei4esdee04% 28-8a 
IMNSPECKION .. eee 28-8C 

Support, radiator: 

Installation... ..........008 3-64b 
Removal... ... cc... cece eee 3-64a 

Support reinforcement, shelter: 
Installation... ..........0008 11-76b 
REMOVal.. «6% caeawiedwedews 11-76a 

Support, rifle: 

INSDECUOM 224 ecadv teoudtexs 11-66a.1 
INStallatiOn <<a: saeee eee icae 11-66b 
Removal... ... 0.00 cee eee 11-66a 

Surge tank: 

Installation... .........0008 3-65b 
ROMOVdli <5 sce uedtiek ee ve ee 3-65a 
Surge tank overflow hose: 
[NStallatiO «sc acainxad vee 3-75b 
REMOVadl.oscacaveckesrdudedd 3-75a 
Surge tank-to-lower radiator 
tube hose: 
INStallatiOW 24% 62%49 4% ee ws 3-74b 
REMOVAl eid cae eee aw ae ae 3-74a 

Surge tank-to-radiator vent hose: 
Installation... .........0008 3-66b 
Removal....... 0. cece eee 3-66a 

Surge tank-to-water crossover 

vent hose: 
Installation «ca wwwea sd eeeeu 3-67b 
RENO. «s2seeu ds Ceeee Heke 3-67a 


Suspension alignment instructions: 
Caster and camber adjustment 34-3b 


Caster and camber check ..... 34-3a 
Toe check and adjustment .... 34-3c 
Suspension brace, front: 
DStaSAtION «2229.4 s60 xeke a 24-6b 
REMNOVal:.2<seceddues peureds 24-6a 
Suspension crossmember: 
INSDECUON «caren de See ye ceeds 24-20a 
Reo sins dees Boe seo oe os 24-20b 
Suspension, front crossmember, 
front: 
Installation. ............055 24-16b 
Removal. .......0000 eee e eee 24-16a 
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3-52 
3-52 


11-142 
11-142 


20-30 
28-32 
28-32 
28-32 


3-119 
3-119 


11-137 
11-137 


11-126 
11-126 
11-126 


3-120 
3-120 


3-131 
3-131 
3-130 
3-130 


3-121 
3-121 


Para. 
S (Cont'd) 
Suspension, front crossmember, 
rear: 
IStallatiOMisn.< «ei wea cea tSe% 24-18b 
RONOVdls die cad baewe aa tae we 24-18a 
Suspension: 
Maintenance task summary 
(Clo) ae ee ee eee 34-1 
Maintenance task summary 
(UNIT) apccceseceencenea eles 6-19 


Suspension, propeller shafts, axles, 
and maintenance task summary 21-2 
Suspension, rear crossmember, 


front: 

INStallatiOh«« és-0%e00%4 eae0 24-17b 

REMOVE) o ii cine bande ewe ees 24-17a 
Suspension rear crossmember, rear: 

[nStallation sc. e ice eee w ates 24-19b 

Removal... .. 0.0 cece eee eee 24-19a 
Suspension system operation .... 1-28 
Switch, backup light: 

Installation cca csacaaeceeaees 4-36b 

Removal.........00 cee e eee 4-36a 
Switch, cold-advance: 

Installation... .... 0... cee 4-31b 

REINOVGl 24:4 wakes ooo us 4-3la 
Switch, fan cut-off: 

Installation wicca ke eae we eae ws 4-42b 

REMGVEl: ccesnacacdeorerans<s 4-42a 
Switch, fan temperature: 

INStallatiOW <0 cecaddeceee eas 4-34b 

PENOVdl: o1004.04cieue 163554 4-34a 


Switch, headlight beam selector, 
and bracket: 


LMStAlAUION i cies acd a eee w ace 4-59b 

Removal... ... ccc eee ee ee 4-59a 
Switch, heater fan: 

Installation... ....... 0. ae 10-73b 

RENOVA obo veh wee cheb aee’ 10-73a 
Switch, horn: 

INStAATION oc cof dew See cee 4-24b 

RENOVGk: 6208 var eereeseanes 4-24a 
Switch, main light: 

Installation ¢ ass ciaae evans 4-58b 

Removal.........00 cee e eee 4-58a 
Switch, neutral start: 

Installation... ......... cae 5-6b 

ROMOVGl: 6 xen ae aes eed ae 5-6a 
Switch, parking brake: 

[nStallatiOW wc aes vase ie cue es 4-23b 

REMNOVah ac btacecarovdeewa des 4-23a 


Page 


24-32 
24-30 
34-1 
6-48 
21-1 
24-28 
24-26 
24-34 
24-34 
1-37 


4-62 
4-62 


4-55 
4-55 


4-69 
4-69 


4-60 
4-60 
4-99 
4-99 


10-125 
10-125 


4-47 
4-47 


4-98 
4-98 


5-16 
5-16 


4-46 
4-46 


Para 
S (Cont'd) 
Switch, rotary: 
INStAWAION 2-3. cate ce-3 Oe aa 4-10b 
Removal.........000c eee 4-10a 
Switch, torque converter clutch 
brake stoplight/: 
AG|USIMENE s 22% ohaeexaxeas 4-60c 
IMStallauiOn 2 4.222e0c2s¢chen2 4-60b 
REMOVE! s o2adu eo aGu F485 Se 4's 4-60a 
Switch, transfer case indicator: 
InStallation-s<s« ¢wsees% 2S %4%s 4-39b 
Removal. .......000 cee ees 4-39a 
T 
Table of contentS.............. 
Tables: 
Air conditioning troubleshooting 
(table 14-3).............05. 14-6 
Alignment specifications for 
radial tires (table 34-1)...... 34-3 
Alternator speed and current 
tracking (table 18-3) ........ 18-3 
Apply pin selection 
(table 28-3)............000. 28-19 


Countersinking dimensions 

for 100° countersunk blind 

rivets (table 10-3) .......... 10-56 
Countersinking dimensions for 

100° countersunk blind rivets 


(table 33-3).............00. 33-7 
Differences between models 

(table 1-1) ................ 1-14 
Drill sizes for blind rivets 

(table 10-2)...............0. 10-56 
Drill sizes for blind rivets 

(table: 33-2) icc a eee aw wens 33-7 
Drill sizes for solid shank rivets 

(table 10-1)................ 10-56 
Drill sizes for solid shank rivets 

(table 33-1).............0.. 33-7 
Front selective washer thickness 

(table 28-2)... .. 0.0.0... 000 ee 28-19 
F ull-load test (table 18-2)..... 18-3 


Guide for preparation of 

antifreeze solutions (table 3-1) 3-61 
Mechanical troubleshooting 

(table 14-1) (DS/GS) ........ 14-2 
Minimum sheet gauge for 

100° machine countersink 

(table 10-4). ...........0005 10-56 
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Para. 
T (Cont'd) 

Minimum sheet gauge for 100° 

machine countersink 

(table 33-4)... ..........0055 33-7 
No-load test (table 18-1)...... 18-3 
Normal operating pressures and 

temperatures (table 14-2).... 14-6 
Pinion variance table (inches) 

(table 30-1)..............0, 30-3 
Rear selective washer thickness 

(table 28-1)..............0.. 28-19 
Regulator bypass test 

(table 18-4).............0.. 18-3 


Rivet grip length 
determination (table 10-5).... 10-56 
Stop-drill sizes for negligible 


cracks (table 33-5).......... 33-8 
Suspension alignment change 

(table 34-2)............00.4. 34-3 
Tabulated data (table 1-2) .... 1-15 
Toe-in alignment adjustment 

specifications (table 8-1) ..... 8-9 
Toe-out alignment adjustment 

specifications (table 8-2) ..... 8-10 


Unit preventive maintenance 
checks and services (table 2-1) 


Tabulated data ............... 1-15 
Tailgate: 

INStallatiOWl 4c ck cers aeewae ws 10-38b 

Removal. ........0000 ee eee 10-38a 
Tailgate armor plate: 

Installation... .........c ae 11-47b 

RENOWGEl: os gen c tae aeadanae cs 11-47a 
Tailgate bracket, shelter carrier: 

DNStall AON ae aa ei oe a Rae KS 11-74b 

RENO Aliciwiateandenerane’s 11-74a 
Tailgate chain and brackets: 

Installation... ....... 0. eee 10-35b 

REMOVdls soe $044 aieed ees 10-35a 
Tailgate chain, shelter carrier: 

ASSEMDI: 24284044 eereades’ 11-77c 

Disassembly ...........005. 11-77b 

Installation... ....... 0.0 ee 11-77d 

REMOVAlk ou be ie bien Red deo’ 11-77a 
Tailgate, shelter carrier: 

Installation... .........0 ae 11-75b 

RENOVEL 6920 vie seateaeon ss 11-75a 
Tailgate upper hinge: 

[nstallatiOW cai s ceaae ova v4 10-39b 

Removal.........0000 eee eee 10-39a 
Tail pipe: 

Installation... .........0 0c 3-48b 

ReEMOVals 6 s:en out ded sehen 3-48a 
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35-9 
18-4 


14-18 
30-12 
28-76 
18-5 

10-95 
33-13 


34-2 
1-19 


8-26 
8-32 


2-5 
1-19 


10-66 
10-65 


11-95 
11-95 


11-135 
11-135 


10-62 
10-61 


11-138 
11-138 
11-138 
11-138 


11-136 
11-136 


10-68 
10-67 


Sol 
3-90 
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Tailpipe hanger: 

INStallAtiON v-<0 ¢s406 0434045 3-53b 

Removal... ..... 0. cece eee eee 3-53a 
Tail pipe insulator: 

Installation... .........000e 3-54b 

REMOV Gl: ¢¢uaag Babe hae ae eke 3-54a 
Temperature sending unit, engine: 

[MStal AUiOW we sodas ab nce eee ease 4-28b 

Removal... ... 00. c eee eee 4-28a 
Tensioner, idler pulleys, and 

mounting hardware: 

[NStallatiGh«:.45 ¢a%ee dew eas 3-82b 

Removal......... cece eee 3-82a 
Terminal board: 

Installation... .........0008 12-18b 

Removal... . 2... ccc eee eee 12-18a 
Thermostat: 

Installation... .........0008 3-76b 

ReMOVdl. cca cee oe Rede ewe xe 3-76a 
Thermostat bypass hose: 

[nStallatiOn i sadaweaauedewus 3-68b 

Renal: 202504 832 taees 3% ax 3-68a 
Three point seatbelt: 

Front seatbelt bracket 

INSpECctiON. ..... 2.2.0. eee 10-47b 

Front seatbelt installation .... 10-47c 

Front seatbelt removal....... 10-47a 

Rear seatbelt bracket 

INSpectiON.......... 00 eee 10-47e 

Rear seatbelt installation..... 10-47f 

Rear seatbelt removal........ 10-47d 
Three point seatbelt brackets: 

Installation... .........0008 10-46b 

ReMOVdl, «+4 sa5. 8h5Georeaw aa 10-46a 
Throttle control cable and bracket, 

hand: 

Installation... .........0008 3-46b 

RONIOVGl nx yee ag be eee Dee 3-46a 
Throttle Position (TP) sensor: 

ACJUSUMENE «ceca kaa e eevee as 4-46c 

Installation... ..........005 4-46b 

ReMOVdlia vasa ee kee sae deus 4-46a 
Tiedown bracket, rear-front: 

INnStallatiOs244% 4.00348 2ea% 24-14b 

Removal... ... 0.0. c eee eee 24-14a 
Tiedown bracket, rear-rear: 

Installation... .........0008 24-12b 

Removal. ..... 00.0 eee eee 24-12a 
Tiedown, cargo: 

Installation... .........0008 10-52b 

Removal... ... 0.0. c eee eee 10-52a 
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3-98 
3-98 


3-99 
Be | 


4-51 
4-51 


3-144 
3-144 


12-32 
12-32 


3-132 
3-132 


3-123 
3-123 


10-78 
10-79 
10-78 


10-80 
10-80 
10-80 


10-77 
10-77 


3-88 
3-88 


4-76 
4-76 
4-76 


24-18 
24-18 


24-16 
24-16 


10-87 
10-87 


Para 
T (Cont'd) 
Tiedown ring: 
INStaMWANON i015 seeeede verse 9-4b 
Removal........ ccc cece 9-4a 
Tie rod: 
Assembly... . 0... cc cee eee 8-13c 
Disassembly ..........0005. 8-13b 
INSallANiON 222242 o2deeeeaad 8-13d 
RENE sos dec envesgeeu ee 8-13a 
Tie rod end: 
InStallaQniOn.«« ¢-2s #22 %.oe% 84 8-16b 
Removal............000005- 8-16a 
Time-delay module: 
INSEANALION cc. 8 eee were es oo 4-35b 
REMNWEl.cadicinet daa e news 4-35a 
Timing chain cover, timing chain, 
and drive sprockets: 
INSHECHON +2 ¢2e8eea eee vent 15-10b 
IPStAllAtiOn asx a2 oe eke sho 35 15-10c 
Removal... 0.0... 00 cece eee 15-10a 
Tip removal, glow plug 
(damaged or broken).......... 15-22 
Tire DalananG 4s s:20632ee2¢e054 8-8 
Tire, wheel and rubber 
runflat radial: 
Assembly... . 0... .0 cee ena 8-4d 
DISASSEMDIY tac cetoewedaa we 8-4a 
Inspection and cleaning ...... 8-4b 
ReDdIl ci226ns beeeaeien os ws 8-4c 
Toein alignment, front wheel: 
Preliminary inspection....... 8-9a 
Toe-in adjustment........... 8-9C 
TO@IN CNECKK 2... eee eee 8-9b 
Toe-out alignment, rear wheel: 
Preliminary inspection....... 8-10a 
Toe-out adjustment.......... 8-10c 
Toe-out Check ....... cee eee 8-10b 
Toggle switch and harness, A/C: 
Installation 54 45ée08 22 vex es 11-84b 
Removal... ...... 00 cece ees 11-84a 
Top armor, C-pillar: 
INSPECTION... ee eee 11-45b 
Installation «2.03 bo eeeceaare ee 11-45c 
REMNWals 2.22304 7hadace¢ee eds 11-45a 
Torque converter: 
CIeanING ¢226n6ees2ounenads 28-4a 
INSPECEION « 20 3-5¢eseardeee oa 28-4b 
Torque limits: appendix E....... 
Torsional damper: 
installaviOW's2ncce%e2202e50n3 15-7b 
Reali. . aaseae sceagee’ ec 15-7a 


15-21 
15-22 
15-20 


15-40 
8-22 


8-13 
8-8 

8-11 
8-12 


8-24 
8-28 
8-26 


8-30 
8-34 
8-32 


11-150 
11-150 


11-92 
11-92 
11-92 


28-20 
28-20 
E-1 


15-16 
15-15 


Para. 
T (Cont'd) 

Towing brackets, front bumper and: 
[MStallQtiOky :<-+.ats 9 -ac0ew e204 Wa 9-2b 
Removal... ... 0.00 eee eee 9-2a 

Towing pintle: 

ASSEMDIY. 6. ee 9-9d 
CIlEanIiG) 25623 oheeee nee ae 9-9c 
Disassembly ..........0 000 9-9b 
INStallatiON «2 6<¢«t vena aac 9-9e 
Removal....... 0. cee eevee 9-9a 

Track, and door stop, C-pillar 

door, guides: 
INSpectiON .... 0... cee eee 25-12b 
InStallatiOn «2 caswveewndew we 25-12c 
REMOVal).« «4-050 64 veGeeeeenu 25-12a 

Transducer, fuel pressure: 

Installation «<2 s42«%s2e%0a% 4-30b 
Removal... ... 0... eee eee 4-30a 

Transfer case: 

ASSEMDIY. 0. eee 29-3d 
CIGAnING ss oaan ua vex asain e x 29-3b 
Disassembly: 2242220260400 29-3a 
Inspection and repair........ 29-3c 
[nStallation «cca s aise da cece 20-3b 
REMOVal. «ckecedecdcnsadedi 20-3a 

Transfer case and transmission 

electrical maintenance task 
SUMINIAN Vir a5 ee oe ae 2a Gee 4-38 
Transfer case guide cable: 
Installation... ..........008 20-4b 
REMOVAL. oie eee etre ec aoe ae 20-4a 
Transfer case indicator lamp 
assembly: 
Installation... .........0005 4-40b 
REMOVGl. «i kb kws ike wea ead tees 4-40a 

Transfer case indicator switch: 
INStANALION «20294300808 4a% 4-39b 
ReMOVGl:.é sg-e025055a589'02 44 4-39a 

Transfer case maintenance task 

summary: 
Direct Support.............. 20-2 
General support ............ 29-2 
WN 6 cet gues eenee ee bt 5-15 

Transfer case oil seals: 

Front oil seal installation..... 5-18b 
Front oil seal removal........ 5-18a 
Rear oil seal installation...... 5-18d 
Rear oil seal removal ........ 5-18c 

Transfer case shift rod: 

Adjustment ............000. 5-16c 
INStallatiOn as ica cwweeeeeewae 5-16b 
RONOVal coe co6a 422s 600024 5-16a 
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Para. 
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Transfer case vent line: 
IniStallaViOn oc ¢2 see actos aie as 5-19b 
Removal... .... 0. cee eee eee 5-19a 
Transmission, and power steering 
oil cooler assembly, engine and: 
Cleaning and inspection...... 3-8c 
INnStallaviOW 2s ¢%0348 0865444 3-8b 
REM al cons deo « dun oo eeae 3-8a 
Transmission assembly from 
subassemblies: 
Band apply pin check ........ 28-19] 
Center support assembly ..... 28-19b 
Control valve assembly 
(1995-1999) 22.2 4.2c0e 2's ees 28-19n 
Control valve assembly 
(1997-1998). oc 22008 oes e4 28-19n.1 
Direct clutch assembly ....... 28-19f 
Forward clutch assembly ..... 28-19g 
Fourth clutch, turbine shaft, and 
overdrive carrier assembly ... 28-19h 
PROUL SOIVO.6s 22 ceecexd haere 28-19k 
Front unit end play check..... 28-19) 
Gear unit assembly.......... 28-19c 
Holding fixture............. 28-19q 
Intermediate clutch assembly. . 28-19e 
Oil pan and filter assembly ... 28-190 
Parking lock pawl and actuator 
assembly ... 0.0... 28-19a 
Pump assembly............. 28-19i 
Real SGVO.26 o63 65 vaxe saree 28-19m 
Rear unit end play check ..... 28-19d 
Speed SENSOrS 0... eee 28-19p 
Torque converter............ 28-19r 
Transmission bypass valve: 
InstallaviO 22 22eai2de%5004 5-4b 
ReMi al: <sa0 de aee ens ¢-44 82 5-4a 
Transmission case: 
CIGANING):4 245% Hevend eee od 28-5a 
INSPECKION .. eee eee 28-5b 
Transmission circuit breakers: 
Installation.............04. 4-43b 
Removal... .....00 0c eee aae 4-43a 
Transmission Control Module 
(TCM): 
InstallatiOns « a.d ves ee e-a dead 4-45b 
ReMiOQVal: <2 40 o2 oes 2Seeseues 4-45a 
Transmission Control Module 
(TCM) capacitator: 
Installation................ 4-47.1b 
REVOVE: 4 su ex axe en aedae ns 4-47.la 


Change 1 


28-84 
28-74 


28-86.1 


28-88 
28-79 
28-79 


28-80 
28-84 
28-83 
28-74 
28-91 
28-78 
28-90 


28-72 
28-82 
28-86 
28-76 
28-90 
28-91 


4-80 
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Transmission crossmember support 
bracket: 
Installation.............0.. 24-13b 
ReNIOVGli¢oss04sesaeaeneray 24-13a 
Transmission disassembly, repair, 
and assembly task summary ... 28-2 
Transmission disassembly into 
Subassemblies: 
Center support assembly ..... 28-3q 
Control valve assembly 
(1995-1996) .............. 28-3e 
Control valve assembly 
(1997-1998) ...........00. 28.3e.1 
Direct clutch assembly ....... 28-3n 
Forward clutch assembly ..... 28-3M 
Front end play check 
(measured).........00008. 28-3i 
FrOnl SAV0 vac. etduavintan 28-3f 
Gear unit assembly and 
rear band.............00. 28-3p 
Holding fixture............. 28-3b 


Intermediate clutch assembly. . 28-30 
Oil pan and filter assembly ... 28-3d 
Parking lock pawl and actuator 


assembly .. 0... 00 ee eae 28-3h 
Pump assembly...........0. 28-3k 
Real SVG: 25 24. £58 de been? ax 28-39 
Rear unit end play check 

(MGASUNEA): 2204 c0¢ «ee becsus 28-3) 
Speed sensors ....... 20. eae 28-3C 
Torque converter............ 28-3a 
Turbine shaft and overdrive 

carrier assembly ........... 28-31 

Transmission indicator lamp 
assembly: 

IStallatiONc 5 oh e2ee desea 4-41b 
Removal........000c cee eee 4-A4la 


Transmission Input Speed 
Sensor (TISS) and Output Speed 
Sensor (TOSS): 


INSDECUON 2c ascadvsetedeex 4-47b 

INStallatiON <<a: saece ese Geax 4-47c 

Removal... ... cc. c eee eee 4-47a 
Transmission maintenance task 

summary: 

Direct SUDO ss eve d eee ee 19-2 

Ase ees dose Green one eon 5-1 
Transmission mount: 

Installation. ............005 5-13b 

RENWals:< aus <5 eeteareers< 5-13a 
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Para. 
T (Cont'd) 

Transmission mount crossmember: 

Installation 2 4ssccsawdvawes 9-10b 

Removal........ 000 cee e eee 9-10a 
Transmission oil cooler lines: 

Front lines installation. ...... 5-3d 

Front lines removal.......... 5-3c 

Rear lines installation ....... 5-3b 

Rear lines removal .......... 5-3a 
Transmission oil dipstick tube: 

INStAllAHION 6244. <4 evans cae a 5-5b 

REMOVal...o¢ics ag wieedaw ee ae ss 5-5a 
Transmission preparation: 

Assembly... .. 0.0.0 cece eee 19-5b 

Disassembly ............05. 19-5a 
Transmission relay: 

Installation... ....... 0. ee 4-44b 

REMOVls ox tea even cRan cows 4-44a 
Transmission road test......... 5-14 
Transmission service: 

Draining fluid.............. 5-2a 

Replenishing fluid........... 5-2d 

Transmission filter installation 5-2c 

Transmission filter removal... 5-2b 
Transmission shift rod: 

Adjustment .............00. 5-9c 

INnStallatiOW «is2ckaudcveadecs 5-9b 

ROOvalesvense seeds caseas 5-9a 
Transmission system tests ...... 2-40 
Transmission/transfer case 

assembly: 

INStallatiOn 2544220405 -3a0%es 19-4 

REMIOV Ol cage i ace 4 ale ew ae es 19-3 
Transmission vent line: 

INStAllAlION bcau bac a eee w ees 5-10b 

Removal... ... ccc eee ee eee 5-10a 
Tray, battery: 

Cleaning and inspection...... 4-74b 

INStallatiOnl oc ue twee dene ioe’ 4-74d 

Preventive modification ...... 4-74c 

Removal... .... 0c cece eee 4-74a 
Triple ammo box tray (40 mm): 

Installation... .........0 0 11-69b 

PEMIOVGl: 6 xiakaw i wewn ein hare 11-69a 
Troubleshooting, electrical/ 

mechanical (unit): 

Air intake/exhaust tests...... 2-29 

Alternator testS............. 2-33 

Battery circuit tests ......... 2-35 

Brake system testS.......... 2-41 

Compression/mechanical tests . 2-30 

Cooling system tests......... 2-25 


Page 


9-16 
9-16 


5-10 
5-10 
5-8 
5-6 


5-14 
5-14 


19-14 
19-14 


4-72 
4-72 
5-31 


5-2 
5-4 
5-4 
5-4 


5-22 
5-22 
5-22 
2-385 


19-7 
19-2 


5-24 
5-24 


4-130 
4-130 
4-130 
4-130 


11-130 
11-130 


Para. 
T (Cont'd) 
DCA troubleshooting ........ 2-45 
Drivetrain tests............. 2-43 
Electrical circuit description... 2-22 
Electrical tests ............. 2-27 
Engine cooling tests ......... 2-31 
Engine lubrication tests...... 2-32 
Enginerunningtests ........ 2-24 
Fuel system tests ........... 2-28 
Glossary of abbreviations and 
commonly used terms....... 2-21 
Glow plugs circuit tests ...... 2-37 
H ow to use this troubleshooting 
QUIDG 2.45 4 255542 de eds tie Sx 2-20 
INDEX) .oc.2 nos Siwiedeaden de 2-19 
Instrument tests............ 2-38 
LIQHES TESES 21s 224neade0de4 5 2-39 
Lubrication system tests...... 2-26 
Protective control box tests.... 2-34 
Startability tests............ 2-23 
Starter drcuit tests.......... 2-36 
Steering system tests........ 2-42 
STE/ICE-R test procedures.... 2-46 
Transmission system tests.... 2-40 
Vehicletesting ............. 2-47 
Winch system tests.......... 2-44 
Troubleshooting instructions, 
mechanical (DS/GS) .......... 14-2 
Troubleshooting symptom index, 
mechanical (DS/GS) .......... 14-2 
Tube, fuel drain-back: 
INStallatiOn. os esa cee eka keen 3-38b 
REMOVE: «x scuk Rotten Tose ws 3-38a 
Tube, radiator lower, assembly: 
InStallaviOn 2iadoe20eedneeee 3-71b 
Removal.........000 eee aees 3-71la 
Tunnel interior side insulation: 
INStANGUON 2.3 ces vee ahead 10-33b 
Removal. ...........200005- 10-33a 
Turbine shaft and overdrive carrier 
assembly: 
Overdrive carrier cleaning.... 28-13g 
Overdrive carrier inspection... 28-13h 


Overdrive carrier measurement 28-13f 


Overdrive unit assembly...... 28-13) 
Overdrive unit disassembly ... 28-13a 
Overrun clutch assembly ..... 28-13e 
Overrun clutch cleaning...... 28-13c 
Overrun clutch disassembly... 28-13b 
Overrun clutch inspection..... 28-13d 
Turbine shaft inspection...... 28-13i 
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2-479 
2-453 
2-43 
2-75 
2-159 
2-191 
2-51 
2-99 


2-42 
2-289 


2-36 
2-35 
2-305 
2-375 


Para 
T (Cont'd) 
Turbocharger: 
Distal lAbiON sav a6 Sea's he die «4 15-21b 
Removal. ........0000 eee eee 15-21la 
Turret armor and seal: 
Installations: <i. ses cea tees 11-52b 
ReEMOVals s6.o%ec ekeaeeneae Ke 11-52a 
Turret armor and turret bearing 
hatch latch: 
LMStallaliOW: a ante eed de aene 11-50b 
Removal. .......20000 eens 11-50a 
Turret armor brush seal: 
LMStallatiOW ox at hseaeee harees 11-51b 
Removal. .........000 eee eee 11-5la 
Turret backrest: 
Stall AtiOWk wa oe se eae 8S tara 11-54b 
Removal. .........000 eee eee 11-54a 
Turret bearing and stop ring: 
INSDECUGN . 222 ctiaveaaee xe 11-57b 
Installation.............05. 11-57c 
Removal. ........0000 eee 11-57a 
Turret brake and base: 
Adjustment ................ 11-55c 
Lista lAWiON 2% a:6 + 444 ww 3e ae 11-55b 
ROMO es seasons eae eco ens 11-55a 
Turret door: 
LNStallaiOn ew ohsers b's aew 11-53b 
REVO ts se5 ose e hese see es 11-53a 
Turret frame: 
MnistallaniOn 2x oes 24 gadee ews 25-4b 
BONO rosso oshae eee ns 25-4a 
Turret hatch assembly components: 
Hatch support rod clip 
INStall AION 2.2: 644 s0 saa ee 8 11-61g 
Hatch support rod clip removal 11-61d 
Pivot luginstallation ........ 11-61i 
Pivot lugremoval........... 11-61b 
Pivot rod installation ........ 11-61) 
Pivot rod removal ........... 11-6la 
Protective bumper installation. 11-61f 
Protective bumper removal.... 11-6le 
Strap fastener loop installation 11-61h 
Strap fastener loop removal... 11-61c 
Turret hatch pivot base: 
INSCANAUICN 46024 decnanesd ed 11-59b 
REMOVals cca ceed Hew oe eRe e's 11-59a 
Turret pintle mount: 
INSPECHION a c2c0 cede ceeseds 11-62b 
InstallaviOW «c+. ocercextneacs 11-62c 
REMNOValins ceva vtavdedaas eax 11-62a 
Change 1 
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Para. Page Para. Page 
U V (Cont'd) 

U-joint, steering shaft: Valve lifter, hydraulic: 
Installation.............0.. 8-21b 8-60 IMStallAWiON aie 2523 G2we wad died 15-9b 15-18 
RENIOVGli«ausc2eeee er eutees 8-21a 8-60 Removal... ...... 000 eee 15-9a 15-18 

Umbilical power cable, Valve, proportioning and differential: 

200-ampere dual voltage: Differential valve installation. . 7-10b 7-32 
INStAllAtiON: «icc eevee aw exe 4-7b 4-16 Differential valve removal .... 7-10a 7-32 
PREMIOVE. 2 ira tae ett ae peek a « 4-7a 4-14 Proportioning valve installation 7-10d 7-33 

Umbilical power cable, Proportioning valve removal... 7-10c 7-32 

200-ampere dual voltage....... 1-30 1-40 Vehicletesting.............00. 2-47 2-517 

Underbody protection kit: Vent line and filter, fuel tank: 

Front shield installation...... 10-58.2k 10-98.16 Installation ..........eeeee. 3-28b 3-56 
Front shield removal......... 10-58.2b 10-98.5 Removal.........eeccecccee 3-28a 3-56 
Front skid plate installation... 10-58.2| 10-99 Vent line, differential: 
Front skid plate removal ..... 10-58.2a 10-98.4 Installation................ 6-14b 6-39 
Fuel tank shield installation .. 10-58.2g 10-98.10 Removal...........ececcee. 6-14a 6-39 
Fuel tank shield removal ..... 10-58.2f 10-98.10 Vent line, front geared hub: 
intermediate: sniee | Installation... .........000: 6-16b 6-42 
INStalAUONs 2237 .2u ede eax 10-58.2} 10-98.14 Removal. ........cccccencce 6-16a 6-42 
Intermediate shield removal... 10-58.2c 10-98.6 ; ; 
Rear shield installation ...... 10-58.2h 10-98.12 ee Ean TING oa a 
Rear shield removal ......... 10-58.2e 10-98.9 Removal.............-.+++. 330a 3-60 
A rensier eek enelg Vent line, rear geared hub: 
INStal ANON a2 0462s eee 10-58.21 10-98,13 lnetallation 6-155 6-40 
Transfer case shield removal .. 10-58.2d 10-98.8 BRAGG, acca. cciedae cues 6-15a 6-40 

: peer di 6-5b 6-10 Vent lines, air intake and fuel pump: 

a anaemia eee Install atlOnl cs «06 n2'adiearned 321b 3-37 
ISASSEMDIY 2c cceevedeaeens 6-5a 6-10 Ramncual 3-214 3.37 
: ae fo oo a 6-23a 6-50.2 Vent line, transfer case: 
lnctallation 6-23c 6-52 INStANStON-s sche kere se edad 5-19b 5-39 
ea et ee REMOV Ali. i ccurie wusararadn as au Sobel 30 
See a ie pease ahaa oe Vent line, transmission: 
i clea Installation... ......0.eeee. 5-10b 5-24 
nstallation............0005 6-25b 6-56 Rianioual 5-10a 5-24 
REMOVE. cc tinea er ete aeons 6-25a 6-56 Vent li ae, “ ee 

Upper cowl liner, passenger side: grace rile ; 12-296 12-58 
MStallatlonsx«isdndesosawier 25-136 25-36 a GuGL. cee. e ss 12-29 «12-58 
ReMOVdl: gues 4 Soveu ee Sead 25-13a@) 25-360 ss 

Upper hinge, tailgate: 

INStallatiONl 24 es ceeuee eee 10-39b 10-68 
Removal......0.... cece eee, 10-39a 10-67 WwW 
Wait-to-start lamp: 
V IMiStallaniOniss« 4: s64e0 ve-9 4% a4 4-20b 4-42 
Removal........ ccc cece eee 4-20a 4-42 
Valve assembly, 10,500 Ib rear lnc actuator: 
eae ; NSEAlStION. d004s25de545e045 15-196 15-36 

hydraulic winch (M1114): Bancial 15-19a 15-36 
Installation iu ticveeveee ods 12-36.5b 12-68.23 Dee 
Removal..........0ceeee ee 12-36.5a 12-6820 _Wastegate housing: 

; LMStallatliOWl « « ax Ha34% awe eee 15-18b 15-35 

Valve, heater shutoff: Beniual 15-18a 15-35 
PAStAI ARON 2.9 3 dae nae tee ware 10-72b 101240 00 WU esses 
Removal. ........000 cee eae 10-72a 10-124 
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Para. 
W (Cont'd) 
Water can tray: 
IAStAW AION 2.0954 %405. 2028 5 oes 11-70b 
Removal.........0000 eee aes 11-70a 
Water crossover: 
IMNSPECtION .. ee eee 3-79b 
InStallauiON..<14o ean ee eee en 3-79c 
REMVal: 5% atddceda abd obs 3-79a 
Water pump and adapter plate: 
INSPSCUION 2242626 c62neeho8% 3-78b 
INStallauiOn:24 «ee s4es0% ena 3-78c 
Removal. ... 6.600.006. . ees 3-78a 
Water pump inlet hose: 
Installation................ 3-73b 
Removal. ...... 0.0 cece eee 3-73a 
Water pump pulley: 
Installation................ 3-77b 
ROEMOVGl. <ccinesevecan Seder 3-77a 
Weapon carrier body maintenance 
task SUMMAry ss... ivadeevn ads 11-1 
Weathercap: 
installation... .s2dvscaod eex2 3-18b 
REMOVals 2 2 -54:4-4'2 sa8 oie o'S10 a 3-18a 
Weatherstrip (M1113), windshield 
glass and: 
Installation.............0.. 10-26b 
REMOVE: «fn sdexe een eee Hed 10-26a 
Wheel: 
[NStall QUO ess versed ee Ree ex 8-3b 
REWWal) 2 224 0cyeodee aaeeed 8-3a 
Wheel, and rubber runflat, 
radial tire: 
ASSEMNDIY :. 4.450 edebies eek ds 8-4d 
Disassembly ...........000- 8-4a 
Inspection and cleaning...... 8-4b 
Rete i: 22eecewtvecec bev 8-4c 
Wheel! and runflat system 
maintenance task summary.... 8-1 
Wheel, steering: 
INnStallauiOh:s 222 vavecss odes 8-12b 
REMOVE. s¢s00 850 thane ee ds 8-12a 
Wheel stud: 
IPSUM GUO 2-5 oc 2a bie be Soe Sa 6-13b 
Removal... ... 0... cece ees 6-13a 
Wheel toe-in alignment, front: 
Preliminary inspection....... 8-9a 
Toein adjustment........... 8-9c 
NOSIS, 6 de0: 6d ohhh 8-9b 
Wheel toe-out alignment, rear: 
Preliminary inspection....... 8-10a 
Toe-out adjustment.......... 8-10c 
Toe-out check ..........00. 8-10b 
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11-131 
11-131 


10-48 
10-47 


8-6 
8-6 


8-13 
8-8 

8-11 
8-12 


Para 
W (Cont'd) 
Winch, 9,000 Ib: 
ASSOMDIY 23s 25s 608) 30ae es 26-3d 
Cleaning ....... ccc eens 26-3b 
Disassembly ..........00005. 26-3a 
INSPSCUON 2-2 cbr badoeaeneds 26-3c 
Winch, 10,500 Ib hydraulic: 
Assembly... .... 0.0 e eee eee 25-13.2d 
CIGSNING ase2 epee aeas tea es 25-13b 
DiSA@SSEMDIY. sscchod2ceeadad 25-13a 
INSPECHON 29565 sssuedsee oa 25-13c 
Winch cable: 
Installation... .......000 ee 12-28b 
REMY Oli dct ave pact ere ewe in 12-28a 
Winch cable, 10,500 Ib 
hydraulic (M1113): 
Installation... ... 0... 0c cee 12-28.1b 
Removal. ccc c cece eewens 12-28.1la 
Winch cable, 10,500 Ib rear 
hydraulic (M1114): 
Installation cc acci2sae eee a 12-36.2b 
Removal... ... 0c. cece eee 12.36.2a 
Winch, 10,500 rear hydraulic 
winch controller plug (M1114): 
Installation... ........ cae 12-36.6b 
RENO. «cic deevendcdeeseds 12-36.6a 
Winch, 10,500 Ib hydraulic 
winch controller plug: 
Installation... ....... eee 12-32.1b 
REMNOV Ol acca a eae a ewe ae 12-32.1a 
Winch, 10,500 Ib hydraulic 
hoses (M1113): 
Installation... ....... cca 12-31.1b 
REMOVal. ous ec etwas ev enaeus 12-31.1la 
Winch, 10,500 Ib rear hydraulic 
hoses (M1114): 
InStallatiOW cae Kdadwe eae as 12-36.4b 
RENWAL. ik awl nee hake 12-36.4a 
Winch, front: 
Installation... ....... 2. ee 12-27b 
REMOVGl. dsa0 53 Dade ea Raeee 12-27a 
Winch, 10,500 Ib hydraulic and 
brackets (M1113): 
Brackets installation......... 12-27.1¢ 
Brackets removal ........... 12-27.1b 
Winch installation........... 12-27.1d 
Winch removal ............. 12-27.1a 
Winch, 10,500 Ib rear hydraulic 
and brackets (M1114): 
Brackets installation......... 12-36.1¢c 
Brackets removal ........... 12-36.1b 
Winch installation........... 12-36.1d 
Winch removal ............. 12-36.1a 
Change 1 
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Winch, 10,500 Ib rear hydraulic 
fairlead roller bracket 
assembly (M1114): 


[MStallQtiOl «so-0% dian ee Ree 
ReEMOVAl:. «60 au oda awd trata 
Winch kit maintenance task 
summary: 
DIFGCE SUDDOEs .sassesaaeee's 26-2 
WUT settee cae eee eee 12-26 
Winch power cable: 
Front power cable installation . 4-77b 
Front power cable removal.... 4-77a 
Rear power cable installation.. 4-77d 
Rear power cable removal..... 4-77c 
Winch, rear: 
InStall ation é<4%. 6.24% 22 e%ea% 12-33b 
Removal... . 2... ccc eee eee 12-33a 
Winch, 10,500 rear hydraulic 
valve assembly (M1114): 
[MStallAtiON: «ss4xee a. ad ee ve 12-36.5b 
ReMOWdl..« 2242 s¢eche sae wend 12-36.5a 
Winch system tests ............ 2-44 
Winch vent line: 
[MStallAtiO «sux % avn dee eae ve 12-29b 
Removal... ... 0.00 cee ee eee 12-29a 
Winch vent line, rear: 
Installation... .........0008 12-346 
R@MOVGEL cca 2a ce aedaaeaceed 12-34a 
Window, door: 
INStallatiON i246 et49 ada dices 11-3b 
REMOVAl. cic ees ee eee 11-3a 
Window seal, door: 
[nStallation ..4 2.0000 e wae as 11-10b 
Removal... . 2... cee ee eee 11-10a 
Windshield: 
IMNSPECtION .. ee 25-6b 
Installation «icc dwweev ceeeas 25-6C 
RENOWal, d4« eic04 29% 985e0 8% 25-6a 
Windshield assembly (M1113): 
ASSOMDIY sess tear Se eeea'c ha 10-28c 
Disassembly ...........000- 10-28b 
Installation... ..........0008 10-28d 
REMOVEl. ocee ced aca daeawes i 10-28a 


Windshield de-icer, defroster switch, 
and circuit breakers: 


[nstallatiOhs. ds cascade we eicas 10-67b 

Removal. ... 2... ccc eee eee 10-67a 
Windshield glass (M1114): 

InspectiOn ........ 00. eee 10-27b 

Installation... ..........008 10-27c 

REMOVEl. «68d keawaanededwews 10-27a 
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12-36.3b 12-68.6 
12-36.3a 12-68.6 


26-1 
12-51 


4-134 
4-134 
4-136 
4-136 


12-64 
12-63 


12-68.23 
12-68.20 
2-471 


12-58 
12-58 


12-66 
12-66 


11-8 
11-6 


11-20 
11-20 


W (Cont'd) 


Windshield glass and 
weatherstrip (M1113): 
Installation................ 
RONG ci ceechse vex wuaens 
Windshield retention bracket: 
PStalll Quin o4 a2 sa ae.xe Kare He 
REMOVGl..¢cctc chandoveteeess 
Windshield washer hoses: 
InstallatiOn 222224252 020%5044 
ROME: vce dec wenn dea eae 
Windshield washer nozzle: 
InStallQiOn. 10:4 \eo 262-06, o-e-<° 
Removal... 0.0.0.0. cece aes 
Windshield washer reservoir 
and pump assembly: 
Inspection ...... 00. ce eee ees 
Installation 2s e<.oues <8 nhseas 
ReNiOVal: os ives euaRe sdeend 
Windshield wiper arm pivot: 
IMStallaiOn: sx +2 06s #24 a2aie v4 
Removal... .. 0.00000 ee eee 
Repair (optional)............ 
Windshield wiper blade and arm: 
LriStal lQuiOM 24. accu vex we diesace aes 
RGEMNOVGl 0c 22524 eerdbenn ees 
Repair (optional)............ 
Windshield wiper linkage: 
INStAWQUiON ga3 e282 ences See's 
Removal... ......0 cece eee 
Windshield wiper switch/motor: 
INStallA@tiON v6.02 4 eee eae 
Removal... .....00 cece eee 
Windshield wiper/washer system 
Operation... .... ccc ee eee 
Wiring diagrams and schematic: 
appendixH ........ 0. ee eee 
Wiring harness, body: 
Installation ..........0000es 
REMOVE ss gcse bde ances heen: 
Wiring harness connector: 
Connector assembly repair... . 
Female cable connector repair . 
Male cable connector repair... 
Protective control box lower 
cannon plug assembly repair . 
Receptacle assembly repair ... 
Terminal-type cable connector 


Wiring harness, engine: 
Installation................ 
REMOVE. «+ aces den oo eh dees 
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10-54 


10-110 
10-110 


10-112 
10-112 


10-108 
10-108 
10-108 
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Wiring harness, hood jumper: 
INStaWStION 35 27260.2% 24240 a8 4-79b 4-143 
Removal. ... 0... cece eee 4-79a 4-140 
Wiring harness, STE/ICE-R: 
MM SCalAON 2 2-004 acd Sed aed, gee ace 18-5b 18-30 
ReMNOVGles ss se geo meee e Ree ak 18-5a 18-28 


Change 1 INDEX 53/(INDEX 54 blank) 


RETURN 
LINES 


FUEL 
FILTER 


COLD ADVANCE 
SOLENOID 
advances the 
injection timing 
while the engine is 
cold. 


FUEL | sTRAINER 
TANK —+— 


TANK VENT 
& FILTER 
PUMP VENT LINE 
FUEL 
PUMP 


FUEL 
FILTER/WATER 
SEPARATOR 


DRAIN] | 


FUEL RETURN LINE 


COLD 
ADVANCE 
SOLENOID 


RETURN LINE 
(ONE TO EACH FUEL 
INJECTOR) 


Mi, 


ea 
a 
2 


SUCTION 


LINE 
( 7 

FUEL PUMP 
PRESSURE 


\A TRAN 
xX ANSDUCER 


LOW 
PRESSURE 
LINE 


54A 


FUEL SOLENOID 


INJECTION 
PUMP 


HIGH PRESSURE LINE 
(ONE TO EACH FUEL 
INJECTOR) 


FUEL INJECTOR 
(EIGHT TOTAL) 


TANK VENT and FILTER aliow 
air to enter and leave fuel tank 
while keeping contaminants 
out. 


FUEL TANK STRAINER 
prevents the larger particles of 
dirt and rust from being pulled 
into the fuel lines. 


FUEL PUMP 

pulls fuet from the tank and 
pumps it under fow pressure to 
the injection pump. 


FUEL FILTER/WATER 
SEPARATOR filters fine 
particles and water from the 
fuel. 


FUEL SOLENOID 

opens to admit fuel to the 
injection pump for engine run 
and closes to stop fuel flow 
when shutting down engine. 


INJECTION PUMP 


_ delivers high pressure fuel to 


each injector in its proper turn. 


FUEL INJECTORS 

spray high pressure fuel into 
the cylinders at the proper time 
for combustion. 


G) FUEL LIFT PUMP 
©) FUEL RETURN LINE 
() FUEL SUPPLY LINE 


WATER SEPARATOR 
INJECTION PUMP 
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DRAWS FUEL FROM FUEL TANK THROUGH THE SUPPLY LINE 
AND PUMPS !T TO THE FUEL FILTER 


DIRECTS UNUSED FUEL FROM THE INJECTION PUMP 
BACK TO THE FUEL TANK 


DIRECTS FUEL FROM FUEL TANK TO THE SYSTEM 


STORES 25 GALLONS OF DIESEL FUEL 


LOCATED AT RIGHT REAR SIDE OF VEHICLE, THE CAP IS 
REMOVED 10 PERMIT FUEL TANK SERVICING 


RECEIVE METERED FUEL FROM THE INJECTION PUMP AND 
SPRAYS FUEL INTO THE COMBUSTION CHAMBER 


FILTERS WATER AND SEDIMENT FROM FUEL 
BEFORE FUE. ENTERS THE INJECTION PUMP 


DIRECTS METERED AND PRESSURIZED FUEL TO THE EIGHT 
INJECTOR NOZZLES. IT iS MOUNTED ON TOP OF THE 
ENGINE UNDER THE INTAKE MANIFOLD 
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TURBOCHARGER 
MUFFLER 


EXHAUST PIPE 
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STARTING 


SYSTEM 


NOT APPLICABLE TO THIS SYSTEM 
CHARGING 7 ENGINE LUBRICATION 


SYSTEM MECHANICAL SYSTEM 


DRIVETRAIN 
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KICKDOWN 
315 
POWER 
‘STEERING 
458 FAN FLUID 
SOLENOID/ ENGINE 
TIMER FAN 


SURGE OIL 
TANK et pete bale COOLER 
WATER 
THERMOSTAT TRANS- 
Poe MISSION 
FLUID 
ENGINE 
Olt 
TRANSMISSION 


FAN 
TEMPERATURE 
SWITCH 


TM 9-2320-387-24-1 


SURGE TANK 


PRESSURE 
Sx ce 
\ 


RADIATOR y 
4 
THERMOSTAT 
HOUSING 


SERPENTINE BELT ee 


FO-4 Cooling Functional Flow 
and Location of Parts Diagrams 
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NOTE; HEAVIER LINES INDICATE OIL FLOW AND LIGHTER LINES ARE WIRES 


OIL PAN DIPSTICK 
OiL PUMP 


OIL COOLER 
OIL FILTER 
GAUGE 
POWER 
WIRE 58G WIRE 27H 
ENGINE INTERNAL PASSAGES GAUGE GROUND 
Oi. PRESSURE SENDER OIL PRESSURE 


GAUGE 
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Olt DIPSTICK 


DIPSTICK MARKINGS 


OIL PRESSURE 
SENDING UNIT 


A —<_ Ms 
SOF CTT ko 
it 
LaF ne 8 


OIL COOLER SUPPLY 
LINES 


COR VALVE 


FO-5 Engine Lubrication Functional Flow 
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ENGINE MECHANICAL POWER 
FROM CRANKSHAFT VIA BELTS 
AND PULLEYS 


12/24 AND 26 VOLT 
200-AMPERE 
ALTERNATOR 


WIRE 
3A 


WIRE 568 


VEHICLE 


GROUND 
TO TP SENSOR 
WIRE 315A 
ENGINE ENGINE 
CONNECTOR CONNECTOR 
PING PIN F TO COLD ADVANCE 


WIRE 5890 


| BODY 
PROTECTIVE PND TO START/RUN 
CONTROL BOX 
+ WIRE 29C SWITCH 
1 
Ss jest hea er dest erect ae it et _! 
ENGINE < BODY 
CONNECTOR | & CONNECTOR 
PIN E — PIN D 
= 
STARTER a 
w 
us 
S x 
Ww 4 
x 
= 
ENGINE 
GROUND 


BATTERY BOX 


ALTERNATOR 
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WAIT-TO-START 
LAMP 


PCB RUN/START 
SWITCH 


FO-6 Alternator Functional Flow 
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WIRE 8A 


Tooca € WIRE 9A BATTERIES PROVIDE 
WIRE 7B POWER TO START WIRE 6BY 4 ca 
WIRE 7D ENGINE AND RUN WIRE 6C 
ACCESSORIES. 


WIRE 7A 


THE SHUNT (S 
USED TO 
MEASURE 
CURRENT IN THE 
BATTERY CIRCUIT. 
THE VOLTAGE 
ACROSS THE 
‘SHUNT IS 
PROPORTIONAL 
TO THE CURRENT 
FLOWING 
THROUGH IT. 100 
MILLIVOLTS 
CORRESPONDS 
TO A CURRENT OF 
1,000 AMPERES. 


POWER STUD IS 

A CONNECTION 
THROUGH THE 
BATTERY BOX FOR 
THE BATTERY 
CABLES. 


STARTER SOLENOID 

SWITCHES ON THE 

STARTER TO CRANK 
- THE ENGINE. 


ALL CIRCUITS MUST RETURN 
THROUGH VEHICLE GROUND. 


BATTERIES 


ALTERNATOR 
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RUN/START 
SWITCH 


FO-7 Battery Functional Flow 
and Location of Parts Diagrams 


FP-13/(FP-14 Blank) 


TM 9-2320-387-24-1 


The batteries provide power for the starter 
motor to turn the engine so it can start. The 


CURRENT 


SHUNT ®, battery circuit tests, p. 13-1, check out the 
— a batteries and their connections to the starter 
| : (wires 6A and 7A). 
BATTERY BOX 
WIRE 6A 
WIRE 7A 
STARTER 
SOLENOID 
STARTER WIRE 74B 
MOTOR to DCA 
WIRE 74A 
WIRE 81A es 
= TO DCA o © 
D 4% , 
mm \. \ 
o D wee: ae Gr et 
' i A ~ N i =a 
las ALTERNATOR OUTPUT SH | WS NEUTRAL 
Bi SAFETY SWITCH 


S 


So 
Sin 2. 


RUN/START 


ENGINE CONNECTOR 
The PROTECTIVE CONTROL BOX makes SWITCH 
tha vehicle ‘smart’. With the transmission in 

colton coe STARTER neutral or park and the rotary switch turned 


to start, the PCB turns the dash lamps on 
and checks to see if the engine is running. 
The starter control and lockout circuit will not 
allow the solenoid to energize if the engine is 
running. 


CONTROL 
CIRCUIT 


BODY CONNECTOR (G) é (t) 


bial WIRE 148 


© 


Prevents the engine from starting if 
ROTARY = terme e eee the transmission is not in neutral or 


SWITCH park. FO-8 Starter Circuit Functional Flow 
and Location of Parts Diagrams 


@ WIRE 144 $= : 
‘s) O| TTaz.---. NEUTRAL SAFETY SWITCH: 


FP-15/(FP-16 Blank) 


TM 9-2320-387-24-] 


Engine run primary 


O) Alternator iGlow plug controller : 
Ground (A.C. tap) 4 svaseducseneescs uasascususeisisectel i 
40. 

Glow plug afterglow timer NOTES ABOUT THERMAL 

thermal circuit breaker: 160 °F (71°C) CIRCUIT BREAKERS 

turns glow plugs on and off after 

a cold start. Engine temp. and the Thermal circuit breakers act 

altemator a.c. tap signa! control like switches that open when 

the cycling. their temperature goes above 
a set temperature. They are 

Glow plug cycle timer thermal closed below that temperature. 

circuit breaker: 120°F (49°C) tums 

the glow plugs on for no more than Each of these thermal circuit 

9 seconds, then cycles the glow breakers also has a small 

plugs (on for 1 sec., off for 15) heater, shown as a resistor. 

until the engine is started. The temperature the breaker p N p= 5 
feets is the heat of the engine BATTERIES 

Glow plug thermal protection breaker coolant plus the heat of the 


thermal circuit breaker: 300°F (149°C) heater. 
protects glow plugs from overheating 
in the case of failure of the afterglow 
and cycle timers. 


GLOW PLUG 
CONTROLLER 


Pensine run secondary Instrument power 
50 : 

i Protective Control Box (the whole box is not shown): i | ees) eee . 
4 i E indicates engine connector, B indicates body connector e , ON = 
nsevtesesasnsasnesssssansesssenscnsessnensrnenssonctusessasaterseeeesesecetsesesassstercerucecesenercencecanee é © 

4 

t 

i] 

t 

( 

‘ 

t 


Glow plug power relay (in the Protective 
Control Box) applies battery power to 

glow plugs when all three thermal breakers 
are closed. You can hear this relay clicking 
as the glow plugs cycle. 


WAIT-TO-START 
LAMP 


Wait-to-start lamp controi relay (in the ge 
Protective Control Box): when the glow plug 
cycle timer trips, this relay forces the wait-to-start 
lamp to stay off until the vehicle is turned off. 


bi 


GLOW PLUGS PCB 


ee 
eee, 

ete eee Wait-to-start lamp (next to the rotary 
ERGSGaeer ns ee switch on dash): comes on when the rotary 
—— S75A switch is turned to 'run'. The colder the 
a srr a engine, the longer the lamp will stay on, 
Pana but never more than 9 seconds. The lamp 
eae aeieges will not come on at all if the engine 
———————— temperature is above 120° F (49°C). The lamp 
ores ee should not come on again unless the switch 
———— is turned to the ‘stop' position and then 
back to ‘run’. 
Glow plugs 


FO-9 Glow Plugs Functional Flow 
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BATTERY 


x: 
ae 


MASTER POWER CIRCUIT 


SOEs "= 


The PROTECTIVE CONTROL 


BOX provides the logic and oS 


Switching capabilities necessary i ' Oey a ENGINE 
to connect the various circuits to WAIT-TO-START COOLANT 
the battery and alternator when LAMP - ec eeaM TEMPERATURE 
required. BRAKE WARNING PRESSURE LAMP l 

oe i 

[| 4 


TO STARTER pA a eo 
The ROTARY SWITCH is the PRIMARY 
master power switch for the , PULL 
vehicle electrical system. FOR 
DEFROST 
TO 
PROTECTIVE 
CONTROL 80X eg 

See HEAT 
The CIRCUIT BREAKER 
interrupts electrical power in MAIN LIGHT HEATER BLOWER 
case of an overload (short SWITCH SWITCH 
Circuit, etc.). 

| VOLTS 
= 2 / iv! SPEEDOMETER/ 
ODOMETER 
27P 
567A 27F 27L 


OIL 


TEMP. 


FUEL 


VOLTS WAIT-TO- 


BRAKE 


PRESS. GAUGE GAUGE GAUGE START WARNING 
GAUGE CIRCUIT CIRCUIT CIRCUIT LAMP LAMP - 
CIRCUIT CIRCUIT CIRCUIT 


58F 
S7IA 

TO PCB 67D 

TO 
aaa SWITCHES 

TO 
33B 
SENDER 7G . Boece 57 
SENDER 58B 58 LEFT WASHER 
CYLINDER 
\ 7 HEAD 


FO-10 Instruments Functional Flow 
and Location of Parts Diagram 
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LIGHT SWITCH CONNECTOR 


ibii Gin cies 
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6A BATTERIES 


STARTER 


PROTECTIVE CONTROL BOX 
BODY CONNECTOR TereNCE 
W BLACKOUT 
= ' DRIVE 
HIGH-BEAM INDICATOR LAMP et LAMP 


eu eeccanevsenseoneces [ts- 


TO FRONT HEADLAMPS -*-s-r-e-eotte 


TURN SIGNAL 
BLACKOUT MARKER 
PARKING LAMP 


INSTRUMENT PANEL ILLUMINATION LAMP sl 
AND FLOOR SHIFT INDICATOR LED 


467C BACK-UP BACK-UP... tin. 
LAMP SWITCH LAMPS 


HEADLAMP 


26A 
, HORN.ccsssecsscecceereeee caeerrn te 
40A 
467B 
TURN SIGNAL SWITCH --r----ssesscesseccsccsesssscssecessessenessesesessesseenes fhe. FRONT VIEW 
—{ NO CONNECTION 
467A 
20A FRONT BLACKOUT MARKERS 
REAR BLACKOUT TAIL LAMP) \vLu i. itn. 
REAR BLACKOUT STOP LAMP 
22A 


BRAKE LAMP 
TURN SIGNAL 
TURN SIGNAL SWITCH ----eeeecrree fe. 
* BLACKOUT TAIL LAMP 
BLACKOUT HEADLIGHT .........-.0...-.-ccessceous tre: ' BLACKOUT STOP LAMP 
STOP FRONT PARK LAMPS 
LAMP REARSIDEMARKERS \. J REAR VIEW 
SWITCH REAR SERVICE TAIL LAMPS " 
BLACKOUT STOP LAMPS. ........ccccsccesecsesecssseverscscsnssccccesessenense Iter 
GROUND = FO-11 Lights Functional Flow 


and Location of Parts Diagrams 
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PARKING 
BRAKE 
LEVER 


PARKING 
BRAKE 
CABLE 


PARKING 
BRAKE 
CALIPER 


BRAKE 
LIGHT 
CIRCUIT 


BRAKE 
WARNING 
LAMP 


| HYDRO-BOOSTER 
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MASTER CYLINDER 
AND 

SERVICE PROPORTIONING VALVE 
BRAKE ENGINE >» 
PEDAL Amo 

hE PAIK : 

; S> 
| RES Ss. 


ALIA NK_|_—_-BRAKE PRESSURE 
@pi ROC UMITER VALVE 


ze 
‘ 
MASTER hl, 
CYLINDER « ~\ 
ow, 
fom 
SERVICE BRAKE ~ SERVICE BRAKE 
ROTOR CAUPER 


SERVICE 
BRAKE 
CALIPERS 


FO-12 Brakes Functional Flow 
and Location of Parts Diagrams 
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MECHANICAL SYSTEM HYDRAULIC SYSTEM 


STEERING 


AIR FLOW 
WHEEL | peneneee HYDRO-BOOSTER 
FAN DRIVE 
STEERING POWER 
SHAFT STEERING 
PUMP 
POWER STEERING 


POWER 


IDLER ARM 


STEERING HYDRO-BOOSTER 
GEAR 


CENTER UNK 


FRONT END 
STEERING 


HYDRAULIC 


CONTROL 
VALVE 


LINKAGES 


FRONT 
WHEELS 


FO-13 Steering Functional Flow 
and Location of Parts Diagrams 
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eee HALFSHAFT WITH 2 CONSTANT 
VELOCITY JOINTS (CV JOINTS) 
\ FRONT DIFFERENTIAL 


FRONT PROPELLER SHAFT WITH 
2 UNIVERSAL JOINTS (U-JOINTS) 


TRANSMISSION 
FLUID 


TRANSFER TRANSMISSION OIL 
SHIFTER CASE COOLER 


SPEEDOMETER 


REAR PROPELLER SHAFT WITH 
2 UNIVERSAL JOINTS (U-JOINTS) 


pos. ial 


CONSTANT VELOCITY JOINT BOOTS 
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TM 9-2320-387-24-1 
DCA TO TK CROSS REFERENCE 


This table assumes that the VTM is powered by the W5 cable. For additional information 
on any of these tests, see para. 2-41 or TM 9-4910-571-12&P. Tests 72,73,74, and 75 
are known as a first peak series, and data for all four of these tests are taken simultaneously. 


TEST MEASUREMENT 
PARAMETER USE TK ITEM NO. POINTS 
34-PULSE TACH. 
WITH A W4 CABLE PUT IN PLACE OF VEHICLE TACH. 
POWER 34-PULSE TACH. 12 {PUT IN PLACE OF VEHICLE TACH. 
(RPM/SEC) WITH A W4 CABLE 
POWER 34-PULSE TACH. | 13 | put IN PLACE OF VEHICLE TACH. 
(PERCENT) WITH A W4 CABLE 
COMPRESSION NONE VTM TAKES DATA THROUGH W5 (POWER) CABLE. 
UNBALANCE REQUIRED 


14 
FUEL 22-RED PRESSURE 
PRESSURE TRANSDUCER ae INSTALL IN PLACE OF VEHICLE FUEL PRESSURE 


Q 
2) 
> 


TE 


Plaiqisir 


oe] ee sole 


a 


4.02 K 


TRANSDUCER. 


BATTERY NONE 67 |VTM TAKES DATA THROUGH WS (POWER) CABLE. 
VOLTAGE REQUIRED 
STARTER W2 CABLE ATTACH RED CLIP TO STARTER POSITIVE TERMINAL 
MOTOR VOLTS (WIRE 6A), BLACK TO BATTERY SIDE OF SHUNT. . 
STARTER NEG. We CABLE ATTACH RED CLIP TO STARTER GROUND TERMINAL 
CABLE DROP 


(WIRE 7A), BLACK TO BATTERY SIDE OF SHUNT. 


xz ABIAD 


4.02 K 


a | 


AA JACIK 


acme Oe atta oll om 


ST 
67 
70 
71 
72 
73 


STARTER We CABLE 89 | ATTACH RED CLIP TO STARTER SOLENOID TERMINAL 
= SOL. VOLTS (WIRE 74A), BLACK TO STARTER GROUND TERMINAL. 
a STARTER 11- CURRENT 90 |pUT PROBE AROUND NEGATIVE BATTERY CABLE 
= CURRENT PROBE BETWEEN THE SHUNT AND THE BATTERY PACK. 
TO ENGINE BLOCK es CURRENT 11- CURRENT 72 |PUT PROBE AROUND NEGATIVE BATTERY CABLE 
ee oes FIRST PEAK PROBE BETWEEN THE SHUNT AND THE BATTERY PACK. 
2 eee = BATTERY 11- CURRENT 73 _|PUT PROBE AROUND NEGATIVE BATTERY CABLE 
RESISTANCE PROBE BETWEEN THE SHUNT AND THE BATTERY PACK. 
> 


ee STARTER . 
ea i CIRCUIT 1 stopiniee “ |PUT PROBE AROUND NEGATIVE BATTERY CABLE 
[Beseen exec oy RESISTANCE BETWEEN THE SHUNT AND THE BATTERY PACK. 


RPM SENSOR xr eae M1 Se ah 2 NT » PUT PROBE AROUND NEGATIVE BATTERY CABLE 
(PULSE TACHOMETER) oS BETWEEN THE SHUNT AND THE BATTERY PACK. 
"= CHANGE 


ASSEMBLY <x 


11- CURRENT 
PROBE 


BATTERY 
CURRENT 


90 /|PUT PROBE AROUND NEGATIVE BATTERY CABLE 
BETWEEN THE SHUNT AND THE BATTERY PACK. 


on 
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USAPPC V3.00 


THE METRIC SYSTEM AND EQUIVALENTS 


LINEAR MEASURE 
1 Centimeter = 10 Millimeters = 0.01 Meters = 
0.3937 Inches 


1 Meter = 100 Centimeters = 1,000 Millimeters = 
39.37 Inches 
1 Kilometer = 1,000 Meters = 0.621 Miles 


SQUARE MEASURE 

1 Sq Centimeter = 100 Sq Millimeters = 0.155 Sq Inches 
1 Sq Meter = 10,000 Sq Centimeters = 10.76 Sq Feet 

1 Sq Kilometer = 1,000,000 Sq Meters = 0.386 Sq Miles 
CUBIC MEASURE 


1 Cu Centimeter = 1,000 Cu Millimeters = 0.06 Cu Inches 
1 Cu Meter = 1,000,000 Cu Centimeters = 35.31 Cu Feet 


UQUID MEASURE 
1 Milliliter = 0.001 Liters = 0.0338 Fluid Ounces 
1 Liter = 1,000 Milliliters = 33.82 Fluid Ounces 


TEMPERATURE 

549 ( F -32) = °C 

212° Fabrenheit is equivalent to 100° Celsius 
90° Fahrenheit is equivalent to 32.2° Celsius 
32° Fahrenheit is equivalent to 0° Celsius 


9/5 °C +32 = °F 

WEIGHTS 

1 Gram = 0.001 Kilograms = 1,000 Milligrams = 0.035 Ounces 
1 Kilogram = 1,000 Grams = 2.2 Lb 


1 Metric Ton = 1,000 Kilograms = 1 Megagram = 1.1 Short Tons 


APPROXIMATE CONVERSION FACTORS 

TO CHANGE TO MULTIPLY BY 

INCHES 3s Ss cic ce ia wide vad eedes Centimeters ..............4.. 2.540 

POC ices sees ora Oh165G S84 Vacs MGters. Sasser seen dobeosees 0.305 

WATS 6 et ei c5 epee eauredaid MOteTS conceit ens Caer e eke 0.914 

MilO6 25 255 siw ca cae eweuaelen cox Kilometers .................. 1.609 © 
Square Inches .................. Square Centimeters ........... 6.451 = 
Square Feet .................... Square Meters ............... 0.093 = 
Square Yards ................... Square Meters ............... 0.836 m 
Square Miles ...............000. Square Kilometers ............ 2.590 pa 
PEO sac hl esewaie te see's Square Hectometers .......... 0.405 7 
Cubic Feet: .cccccek ci lee eakaaleed Cubic Meters ................ 0.028 

Cubic Yards ..................6. Cubic Meters ................ 0.765 

Fluid Ounces ............0.0000. Milliliters ................... 29.573 

PANG 3 oisie o Sree eta Sioicuse need TARPS co hiss ie eet See pees 0.473 

URIS ick cana Sncedsua wen Secu DONS og e430 6550S 6 oes 0.946 

Gallons: 6 ose cs i vewgienw ceeeiGees LAOS 6 65 oo et sawn ci iee 3.785 

OGRE cc acdte sed ctl owes ese OPOTIE io aes ce it oketey oe 28.349 

Pounds: 65sec een tenes dckconkees Kilograms ..............0000- 0.454 

Short Tons ........ 20... cc cceeeee Metric Tons ................. 0.907 

Pound-Feet .................000. Newton-Meters .............. 1.356 

Pounds Per Square Inch .......... Kilopaseals .................. 6.895 

Miles Per Gallon ................ Kilometers Per Liter .......... 0.425 

Miles Per Hour ................. Kilometers Per Hour .......... 1.609 

TO CHANGE TO MULTIPLY BY 

Centimeters .................... EehOS 5:6 65 facet ees Seales 0.394 

MOTE «60 ears Onoek came wons OG oles sh disso useecaty 3.280 

Meters oot os ilk eee acd end WAS oe oe aa ndadoae neces 1.094 

Kilometers vcs see ewsase sees s MIMINGE Sore wk ote ahaa Peat 0.621 

Square Centimeters ............. Square Inches ............... 0.155 

Square Meters .................. Square Feet ................. 10.764 

Square Meters .................. Square Yards ................ 1.196 

Square Kilometers ............... Square Miles ................ 0.386 

Square Hectometers ............. DPTOS iciciew cet ah cakeew eww sc 2.471 

Cubic Meters ................... Cubic Feet .............0.... 35.315 

Cubic Meters ...............000. Cubic Yards ................. 1.308 

Milliliters ...... 00.00... cc eee Fluid Ounces ................ 0.034 

Patera 65% oe ar naa ko otewe eos PINGS he viieseeewado ese eee ous 2.113 

DOr oa for eka eee skates UATE ike ae Csi boa Sraheacs 1.057 

DATS oe soos eas baoaee Snes Gallons 05 sh eileicesaesavas 0.264 

GPRS 55 Ga Sekine Sto Sousa ei ek OOnetSkidccicedecisbetiaeces 0.035 

Kalograms eos. ssisesc cee ckeuwdds POUNGS 6 244)c'b Svs o-clbeeeccewes 2.205 

Metric Tons .................45. Short Tons .................. 1.102 

Newton-Meters ................. Pound-Feet .................. 0.738 

Kilopascals ..................... Pounds Per Square Inch ....... 0.145 

Kilometers Per Liter ............. Miles Per Galion ............. 2.354 

Kilometers Per Hour ............. Miles Per Hour .............. 0.621 


PIN: 076485-001 


